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Conference  Summary 


AEROGEN   AEROSOLIZED   DRUG   DELIVERY 
EFFICIENT   DOSING       RELIABLE       COST   EFFECTIVE 


^ 


How  can  a  single  dose  be  so  much  better? 


Introducing  the  Aeroneb "  Professional  Nebulizer  System. 

The  first  significant  advance  in  aerosolized  drug 
delivery  for  fiospitals  in  over  20  years.  Delivers  greater 
than  4x  more  medication  during  mechanical  ventilation' 
than  commonly  used  jet  nebulizers-  and  MDIs.^  The 
Aeroneb"  Pro  is  reliable,  silent,  portable,  and  doesn't 
change  ventilator  parameters  during  operation. 


Breathe  easy.  For  information  on  the  Aeroneb" 
Professional  Nebulizer  System,  a  new  benchmark, 
please  visit  www.aerogen.com  or  call  1  866-423-7643. 


Aerogen-  j 

Circle  103  on  product  information  cor 

Neonate  to  adult      |      No  compressor  or  propellant      |      Works  with  any  ventilator      |      Does  not  heat  medications 

'Fink  JB,  Power  J.  Am  J  Respir  Grit  Care  Med.  2001 :1 63:A127.  'Ha(»ey  CJ  et  al.  Eur  Respir  J.  1997;10:905-909.  'Fink  JB  el  al.  Am  J  Respir  Cnt  Care  Med,  1999;169:63-68. 

Aeroneb'  Pro  Is  a  regislered  trademark  of  Aerogen.  Inc. 


SIEMENS 

medical 


Ask  1,000  clinicians  what  they  d  like  in  a 
ventilation  system,  and  what  do  you  get? 
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The  new 


Servo^'' 


All  patient  categories. 
New  procedures.  New 


AK\\} 


Who  knows  more  about  ventilator  requirements  than  you, 
the  person  who  has  to  live  and  work  with  them  every  day. 
That's  why  we  developed  our  new  ventilation 
platform  in  close  collaboration  with  clinicians. 
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The  result:  inspiration.  The  new  Servo'  is 
a  single  platform  which  builds  to  treat  a 
complete  range  of  patient  categories  from  neonate  and 
pediatric  to  adult.  Choose  the  specification  that's  right 
for  your  needs  today:  add  applications  to 
upgrade  for  tomorrow.  It  offers  the  tools  to 
assist  in  different  treatment  methodologies 
supportive  of  lung  recruitment.   It's  also 
simple  to  use.  The  user  interface  gives  direct 


access  to  important  settings,  letting  you  choose  between 
touch  screen,  knobs  and  a  dial.  Servo«has  a  unique  'Lift 
Out'  design  which  simplifies  the  process  of  transporting 
patients,  ensuring  bedside  ventilatory  treatment  quality 
throughout  the  entire  chain  of  critical  care.         ^         ^ 

We  even  streamlined  the  running  costs.  Long 
service  intervals:  fast  start-up:  easy  training 
and  operation:  they  all  add  up  to  a  more 
cost  efficient,  capable  platform. 
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Everything  that  you  said  you  wanted, 
1  and  more.  The  new  Servo'.  Inspired  by  you. 

-^     jjjf     For  more  information:  www.servo-i.com 
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Siemens  medical 

Solutions  that  help 


circle  1  16  on  product  information  card 


TODAY'S  CHALLENGE... 

Meeting  JCAHO  CE  Requirements 
Despite  Budget  Cuts  and  Staff  Shortages 

THE  SOLUTION...  ^  » 

AARC  EDUCATIONAL 
VIDEOTAPES 


Training  That  Will  Make  Your  Staff  the 
Recognized  Respiratory  Experts  in  Your  Facility 

Today,  it's  more  challenging  than  ever  to  stay  on  top  of  JCAHO  and  regulatory 
requirements  for  continuing  education.  The  AARC's  Educational  Videotapes  make  it 
easy.  The  comprehensive,  easy-to-use  programs  include  advice  from  respiratory  care's 
top  experts  and  will  help  make  your  staff  the  respiratory  experts  your  facility  needs. 


ACUTE  RESPIRATORY  DISTRESS 
SYNDROME  (ARDS) 

HE*/\  ARDS:  The  Disease  and 
its  Management 

Presents  the  four  diagnostic  criteria  for  ARDS  and  tfie 
six  clinical  risk  factors  tfiat  place  patients  at  increased 
likelihood  for  developing  ARDS.  Teaches  how  to 
understand  the  implications  of  the  lower  and  upper 
inflection  points  on  the  pressure-volume  curve  of  the 
respiratory  system  in  ARDS  patients  and  instructs  in  the 
calculation  of  estimated  required  tidal  volume 
ITEM  VC015-AV 

ASTHMA 

Asthma:  Managing  the  Disease 

Takes  a  pro-active  look  at  asthma  from  the 
perspective  of  disease  management  You  will  learn 
the  services  necessary  for  an  asthma  disease 
management  program,  how  to  cost-effectively 
implement  them  and  how  to  measure  success 
through  outcomes  measurement    ITEM  VC92-AV 

UE^X  Education  of  the  Patient  with  Asthma 

Teaches  how  to  ensure  that  patients  understand  the 
disease  process  of  asthma  and  their  care  plan  for 
effective  disease  management.  Details  what  patient 
education  materials  are  available,  their  content, 
where  to  find  them  and  the  best  methods  of 
presentation,  including  new  terminologies,  analogies 
and  techniques.  ITEM  VC014-AV 

Managing  Asthma:  An  Update 

Discover  how  to  implement  an  asthma  management 
program,  what  will  work  and  how  to  determine  if  it  is 
successful  Also,  guidance  is  provided  on  how  to 
analyze  outcomes  measurements    ITEM  VC07-AV- 

Pediatric  Asthma  in  the  ER 

Because  the  prevalence  of  pediatric  asthma  has 
dramatically  increased,  the  National  Asthma  Education 
and  Prevention  Program  has  created  guidelines  for 
management  of  pediatric  asthma.  This  video  discusses 
these  guidelines  as  well  as  the  role  of  care  paths  in  the 
management  of  the  disease  ITEM  VC02-AV 


CHRONIC  OBSTRUCATIVE 
PULMONARY  DISEASE  (COPD) 

The  Latest  Word  in  the  Treatment  of  COPD 

Hlelps  you  understand  what  the  barriers  are  to 
improved  outcomes  in  COPD.  Discusses  the  role  of 
viral  and  bacterial  infection  in  COPD  exacerbation;  the 
processes  for  clinical  pathways  development  and  the 
appropriate  ventilator  management  strategies  in 
severe  COPD    ITEM  VC96-AV 

NEW.  Test  Your  Lungs,  Know  Your  Numbers, 
Prevent  Emphysema 

Reviews  the  classic  signs  of  COPD  with  an  emphasis 
on  emphysema  and  a  discussion  on  the  measures 
used  to  relieve  symptoms  and  slow  disease 
progression.  Covers  the  importance  of  pulmonary 
function  tests  to  determine  VC,  FFC  and  FEV1;  also 
covers  why  getting  patients  to  know  their  numbers  is 
the  key  to  early  diagnosis  and  successful  treatment. 
ITEM  VC018-AV 

EMERGENCY  CARE 

Coping  with  the  Pediatric  Emergency 
Provides  an  overview  of  assessing  the  pediatric 
patient.  Includes  discussion  on  differences  in  the 
anatomy  and  physiology  of  the  pediatric  respiratory 
system;  recognition  of  the  early  signs  of  respiratory 
distress;  the  equipment  and  preparation  needed 
to  deal  with  respiratory  emergencies  and  the 
priorities  for  management  of  pediatnc  respiratory 
emergencies.  ITEM  VC95-A\/ 

Pediatric  Asthma  in  the  ER 

Because  the  prevalence  of  pediatric  asthma  has 
dramatically  increased,  the  National  Asthma 
Education  and  Prevention  Program  has  created 
guidelines  for  management  of  pediatric  asthma. 
This  video  discusses  these  guidelines  as  well  as  the 
role  of  care  paths  in  the  management  of  the  disease. 
ITEM  VC02-AV 


MANAGEMENT  DEPARTMENT 

AND  HOSPITAL 

Cost-Effective  Respiratory  Care: 
You've  Got  to  Change 

Learn  what  the  differences  are  between  protocols  and 
case  management  and  how  to  implement  these 
programs  to  generate  cost  savings.  Learn  how  to 
identify  where  costs  are  avoided,  where  resources  are 
conserved,  and  ensure  that  the  correct  care  is 
delivered  at  the  proper  time.   ITEM  VC04-AV 

PULMONARY  REHABILITATION 

NEW!  Pulmonary  Rehabilitation:  Standard 
Care  for  Chronic  Lung  Disease  Patients 
Presentation  details  when  to  refer  a  patient  for 
pulmonary  rehabilitation  and  the  four  elements 
necessary  for  the  successful  operation  of  a 
rehabilitation  service.  Details  how  to  prepare  a 
treatment  plan  during  assessment  and  how  to  modify  it 
based  on  subsequent  evaluations  as  well  as  how  to 
incorporate  rehabilitation  techniques  into  routine 
bedside  therapy  sessions.  ITEM  VC012-AV 

Pulmonary  Rehabilitation: 
What  You  Need  to  Know 

Learn  the  answers  to:  what  is  a  sound  pulmonary 
rehabilitation  program;  how  to  set  up  a  rehab 
program;  the  role  of  assessment  in  developing  an 
exercise  prescription  for  patient  rehab  and  the  issues 
surrounding  reimbursement  and  what  the  future 
holds.   ITEMVCOI-AV 


'^>lRAXO^^ 


PEDIATRICS 


Pediatric  Asthma  in  the  ER 

Because  the  prevalence  of  pediatric  asthma  has 
dramatically  increased,  the  National  Asthma 
Education  and  Prevention  Program  has  created 
guidelines  for  management  of  pediatric  asthma. 
This  video  discusses  these  guidelines  as  well  as  the 
role  of  care  paths  in  the  management  of  the  disease. 
ITEM  VC02-AV 

Pediatric  Ventilation:  Kids  Are  Different 

Receive  instruction  on  the  differences  or  the  anatomy 
and  physiology  of  the  respiratory  system  between 
adults  and  children  and  how  to  mechanically 
ventilate  the  pediatric  patient  Also,  learn  assessment 
and  device  selection.  ITEM  VC05-AV 
Theory  and  Application  of  Neonatal  Ventilation: 
What,  When,  and  Why 

Evaluates  neonates  in  need  of  ventilation,  assessment 
and  ventilator  monitoring  and  how  to  recognize 
the  neonate  in  respiratory  failure  Also  provided  are 
instructions  for  minimizing  iatrogenic  lung  damage, 
with  a  summary  application  of  the  new  modes 
of  ventilation  and  respiratory  support  for  neonates. 
ITEM  VC65-AV 

PHARMACOLOGY 

NEW!  New  Respiratory  Drugs: 
What,  When,  and  How? 

Introduces  new  formulations  such  as  racemic  drug 
mixtures  and  single  isomers  and  their  effective 
duration  and  looks  at  how  they  lead  to  lower  costs 
with  improved  patient  responses.  Learn  the  use  of 
improved  anticholinergics  in  the  treatment  of  asthma 
patients  and  learn  the  uses  and  effects  of  inhaled  anti- 
infective  agents  Item  VC016-AV 

Drugs,  Medications  and  Delivery  Devices  of 
Importance  in  Respiratory  Care 

Aerosol  therapy  is  delivered  to  nearly  80%  of 
respiratory  patients  That  is  why  there  are  a  number  of 
new  medications  in  development  for  both  local  and 
systemic  administration  to  these  patients.  Learn 
about  these  new  medications,  which  delivery  device 
to  use,  how  to  negotiate  care  plans  and  how  to 
educate  both  patients  and  caregivers  ITEM  VC03-AV 

PULMONARY  FUNCTION  TESTING 
AND  DIAGNOSTIC  EQUIPMENT 

Routine  Pulmonary  Function 
Testing:  Doing  it  Right 

Learn  how  to  use  bedside  pulmonary  function  testing 
as  a  diagnostic  tool  and  when  its  use  is  appropriate. 
Also,  the  viewer  learns  how  to  determine  staff 
competence,  quality  assurance  and  testing  accuracy 
ITEM  VC08-AV 

Waveform  Analysis  and  Interpretation 

Discusses  the  clinical  applications  of  the  primary 
waveforms,  the  general  kinds  of  information  they 
provide  and  how  to  use  them  to  adjust  the  patient- 
ventilator  interface.  ITEM  VC72-AV 

PHYSIOLOGY  AND  HEMODYNAMICS 

Hemodynamic  Monitoring 
Identifies  the  different  forms  of  invasive  and 
noninvasive  hemodynamic  monitoring,  their  main 
complications  and  appropnate  levels.  Discusses  how 
positive  end-expiratory  pressure  and  other  therapies 
affect  parameters  Item  VC22-AV 


Comprehensive, 

easy-to-use  programs 

include  advice  from 

respiratory  care's 

top  experts. 


VENTILATORS  AND  VENTILATOR 
PATIENT  MANAGEMENT 

NEW!  Invasive  Ventilation:  The  Latest  Word 

Learn  how  proper  ventilator  management  precludes 
inflicting  harm  on  the  patient  and  why  the  clinician 
must  understand  the  function  and  mechanics  of 
newer  mechanical  ventilators.  Also  learn  how 
reducing  the  patient's  work  of  breathing  is  essential 
in  reducing  the  additional  load  on  ventilatory 
musculature  and  why  reinflating  lungs  and 
enhancing  the  functional  area  of  the  lung  demand 
extraordinary  means   Item  VC017-AV 

Managing  the  Mechanically  Ventilated  Patient: 
Chest  Tubes,  Aerosols,  Endotracheal  Tubes 

Teaches  how  endotracheal  tubes  impose  work  and 
create  infection  risk,  the  efficacy  of  various  systems, 
the  indications,  positioning  issues  and  drainage 
issues  for  chest  tubes.  ITEM  VC71-AV 

NEW!  Noninvasive  Ventilation: 
The  Latest  Word 

Learn  how  to  avoid  intubation  in  the  acutely  ill  patient 
through  identification  of  patients  most  likely  to 
benefit  from  noninvasive  ventilation.  Learn  selection 
and  proper  fit  of  full  masks  or  nasal  masks  and  how  to 
select  the  proper  ventilator  based  on  the  patient's 
condition  and  desired  outcomes.  Also  learn  when  to 
make  adjustments  to  achieve  the  goals  of  unloading 
respiratory  muscles  and  achieving  good  patient 
ventilator  synchrony  ITEM  VC013-AV 

Pediatric  Ventilation:  Kids  Are  Different 

Instructs  on  the  differences  in  the  anatomy  and 
physiology  of  the  respiratory  system  between  adults 
and  children  and  how  to  mechanically  ventilate  the 
pediatric  patient  Also,  learn  assessment  and  device 
selection   ITEM  VC05-AV 

PEEP:  The  State  of  the  Art 

Discusses  current  applications  of  positive  end- 
expiratory  pressure  (PEEP),  the  relationship  of  PEEP  to 
end-respiratory  lung  volume  and  its  consequences  for 
gas  exchange  in  acute  lung  injury  and  how  PEEP  can 
prevent  it;  the  benefits  of  adding  PEEP  in  the  setting  of 
severe  airflow  obstruction  and  dynamic  hyperinflation; 
and  the  selection  of  PEEP  and  tidal  volume  for 
ventilation  of  the  injured  lung   ITEM  VC97-AV 

NEW!  Taking  the  Mystery  Out  of  Weaning 
the  Pediatric  Patient  from  the  Ventilator 
Learn  the  weaning  process  and  how  to  recognize 
cntical  events  in  weaning  a  pediatric  patient  Also 
teaches  the  physiological  differences  between  the 
adult  and  pediatric  patient  and  why  weaning  of  the 
pediatric  patient  is  different.   Item  VC01 1  -AV 

Theory  and  Application  of  Neonatal  Ventilation: 
What,  When,  and  Why 

Evaluates  neonates  in  need  of  ventilation,  assessment 
and  ventilator  monitoring  and  how  to  recognize  the 
neonate  in  respiratory  failure.  Also  provided  are 
instructions  for  minimizing  iatrogenic  lung  damage. 
Item  VC65-AV 

Ventilators  and  Their  Management 
Discusses  the  efficacy  of  the  latest  mechanical 
ventilation  technology  and  techniques  over- 
distension lung  injury  PEEP  in  the  avoidance  of  lung 
injury;  strategy  to  improve  patient-ventilator 
synchrony  and  the  role  of  the  ventilator  in  ventilator- 
associated  lung  injury.  ITEM  VC93-AV 

Waveform  Analysis  and  Interpretation 

Discusses  the  clinical  applications  of  the  primary 
waveforms,  the  general  kinds  of  information  they 
provide  and  how  to  use  them  to  adjust  the  patient- 
ventilator  interface    Item  VC72-AV 

What  Matters  in  Respiratory  Monitoring: 
What  Goes  and  What  Stays 

Details  the  monitoring  devices  available  for  managing 
the  patient  and  which  is  appropriate.  Also  learn 
about  displays  and  graphics  on  ventilators  and  covers 
what  information  is  essential  in  the  assessment  of  the 
patient    ITEM  VC06-AV 


AARC  EDUCATIONAL 
VIDEOTAPE  CLASSES 

Each  videotape  program  is 

70-minutes  to  90-minutes  long. 


Members  ^64.50* 
—  Save  '34.50! 

*  Plus  Shipping  and  Handling 


1            Shipping  Rates 

Order  Total           Ground 

3-Day 

Express 
2-Day 

S80.01  to  $100        S9.50 

$23.75 

$43.75 

$100.01  to  $150    $10.50 

$28.25 

S52.50 

S150.01toS200    $12.50 

$30.50 

$56.75 

$200.01  to  $250    $14.50 

$36.25 

$64.75 

$250.01  to  $300    $16.50 

$41.25 

$74.00 

$300.01  to  $400    $18.50 

S55.25 

$92.50 

$400.01  and  up      $20.50 

$60.75 

$97.50 

Texas  Residents  Add  8.25%  Sales  Tax 

Order  online  at 

http://store.yahoo.conn/aarc/ 

Call  (972)  243-2272 

Fax  (972)  484-2720 

Purchase  Order,  MasterCard, 

Visa  Accepted 

By   Mail: 

AARC,  Order  Desk 

11030  Abies  Ln 

Dallas,  TX  75229 


www.aarc.org 


More  Drug* 

to  the  Right  Place ... 

Your  Patient's  Lungs 


Gamma  Camera  Deposition  Images 


Breath  Actuated  Nebulizer  ("BAN") 
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monaghan 

Monaghan  Medical  Corporation 

P.O.  Box  2805  •  Plattsburgh,  NY  12901-0299 
Custoiner  Service  800-833-9653 
www.monaghanmeci.com 

^"  trademark    (S)  registered  trademark 
e  2001  Monaghan  Medical  Corporation. 
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FOR  INFORMATION, 
CONTACT: 

AARC  Membership 
or  Other  AARC  Services 

American  Association  for  Respira- 
tory Care 
11030  Abies  Ln 
Dallas  TX  75229-4593 
(972)  243-2272  •  Fax  (972)  484-2720 
tittp://www.aarc.org 

Therapist  Registration  or 
Technician  Certification 

Mational  Board  for  Respiratory 

Care 

8310  Nieman  Rd 

LenexaKS  66214 

(91 3)  599-4200  •  Fax  (91 3)  541  -01 56 

http://www.nbrc.org 

Accreditation  of  Education 
Programs 

Committee  on  Accreditation  for 

Respiratory  Care 

1701  W  Euless  Blvd.  Suite  300 

Euless  TX  76040 

(817)  283-2835  •  Fax  (817)  354-8519 

http://www.coarc.com 

Grants.  Scholarships, 
Community  Projects 

American  Respiratory  Care  Foun- 
dation 

11030  Abies  Ln 
Dallas  TX  75229-4593 
(972)  243-2272  •  Fax  (972)  484-2720 

AARC  Government  Affairs  Office 

Director  of  Govt  Affairs 

Jill  Eicher 

1225  King  St,  Second  Floor 

Alexandria  VA  22314 

(703)  548-8538  Fax  (703)  548-8499 

eicher@aarc.org 

Director  of  State  Govt  Affairs 
Cheryl  West  MHA 
8630  Braeswood  Pt,  #2 
Colorado  Springs,  CO  80920 
(719)  535-9970  westsaarcorg 
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Pharmacologic  Tlierapv  for  Nicotine  Addiction  (editorial) — DeGraff  AC  Jr.  Clnesi     2002 
Aus;;  1 22i  2 1:392-394. 

Magnesium  Treatment  for  Asthma:  Where  Do  We  Stand?  (editorial) — Noppen  M.  Chest 
2002  Aug;  12:(2):396-398. 

Hospitals  vs  Merchants  of  Nicotine  (editorial)— Softer  A.  Chest  2002  Aug:122(2):391-392. 

Do  Nurses  Do  It  Better?  (editorial)— Rafferty  S.  Elbom  JS.  Thorax  2002  Aug;57(8):659-660. 

Invited  Editorial  on  "The  Alcohol  Breath  Test"— Hlastala  MP.  J  Appl  Physiol     2002 
Aug;93(2):405-406. 

Homing  in  on  the  .Asthma  Gene  (comment) — Sandford  A.  Pare  P.  Lancet     2002  Aug 
10;.360(9331):422-423. 

What  Is  Cystic  Fibrosis?  (editorial)— Knowles  MR.  Dune  PR.  N  Engl  J  Med    2002  Aug 
8;347(6):439-442. 

The  Pulmonary  Physician  in  Critical  Care.  8:  Ventilatory  Management  of  ALI/ARDS — 

Cordingley  JJ.  Keogh  BF.  Thorax  2002  Aug;57(8):729-734. 

Chronic  Obstructive  Pulmonary  Disease.  1:  Susceptibility  Factors  for  COPD  the  Genotype- 
Knvlronment  Interaction — Sandford  .AJ.  Silverman  EK.  Thorax  2002  .■\ug:57(8):736-741. 

"CF  Asthma":  What  Is  It  and  What  Do  We  Do  About  It?— Balfour-Lynn  IM.  Elbom  JS.  Tho- 
rax 2002Aug;57(8):742-748. 


The  Costs  of  Exacerbations  in  Chronic  Obstructive  Pulmonary  Dis- 
ease (COPD) — Andersson  F,  Borg  S,  Jansson  SA,  Jonsson  AC.  Ericsson 
A.  Prut/  C.  et  al.  Respir  Med  2002  Sep:96(9):700-708. 

Exacerbations  are  the  key  drivers  in  the  costs  of  chronic  obstructive  pul- 
monary disease  (COPD).  The  objective  was  to  examine  the  costs  of 
COPD  exacerbations  in  relation  to  differing  degrees  of  severity  of  exacer- 
bations and  of  COPD.  We  identified  202  subjects  with  COPD.  defined 
according  to  the  BTS  and  ERS  criteria.  Exacerbations  were  divided  into 
mild  (self-managed),  mild/moderate  (telephone  contact  with  a  health-care 
centre  and/or  the  use  of  antibiotics/systemic  corticosteroids),  moderate 
(health-care  centre  visits)  and  severe  (emergency  care  visit  or  hospital 
admission).  Exacerbations  were  identified  by  sending  the  subjects  a  letter 
inquiring  whether  they  had  any  additional  respiratory  problems  or 
infiuen/a  the  previous  winter.  At  least  one  exacerbation  was  reported  by 
fil  subjects,  who  were  then  interviewed  about  resource  use  for  these 
events.  The  average  health-care  costs  per  exacerbation  were  SEK  120 
(95%  C=39-24f.).  SEK  354  (252-475).  SEK  21  1 1  (1673-2612)  and  SEK 
21852  (14436-29825)  for  mild,  mild/moderate,  moderate  and  severe 
exacerbations,  respectively.  Subjects  with  impaired  lung  function  experi- 
enced more  severe  exacerbations,  which  was  also  reflected  in  the  cost  of 
exacerbations  per  severity  of  the  disease  during  the  4  1/2  month  study 
period  (ranging  from  SEK  224  for  mild  to  SEK  13708  for  severe  cases, 
median  SEK  940).  Exacerbations  account  for  35-45'*  of  the  total  per 
capita  health-care  costs  for  COPD.  In  conclusion,  costs  varied  consider- 
ably with  the  severity  of  the  exacerbation  as  well  as  with  the  severity  of 
COPD.  The  prevention  of  moderate-to-severe  exacerbations  could  be 
very  cost-effective  and  improve  the  i|ualit\  of  life. 


Home  \  isiting  by  Paraprofessionals  and  by  Nurses:  A  Randomized, 
Controlled  Trial— Olds  DL.  Robinson  J,  O'Brien  R.  Luckey  DW.  Pet- 
titt  LM.  Henderson  CR  Jr.  et  al.  Pediatrics  2002  Sep;l  10(3);486-496. 

OBJECTIVE:  To  examine  the  effecti\  eness  of  home  visiting  by  parapro- 
fessionals and  by  nurses  as  separate  means  of  improving  maternal  and 
child  health  when  both  types  of  visitors  are  trained  in  a  program  model 
that  has  demonstrated  effectiveness  when  delivered  by  nurses.  METH- 
ODS: A  randomized,  controlled  trial  was  conducted  in  public-  and  pri- 
vate-care settings  in  Denver.  Colorado.  One  thousand  one  hundred  sev- 
enty-eight consecutive  pregnant  women  with  no  previous  live  births  who 
were  eligible  for  Medicaid  or  who  had  no  private  health  insurance  were 
invited  to  participate.  Seven  hundred  thirty-five  women  were  random- 
ized to  control,  paraprofessional.  or  nurse  conditions.  Nurses  completed 
an  average  of  6.5  home  \isits  during  pregnancy  and  21  visits  from  birth 
to  the  children's  second  birthdays  Paraprofessionals  completed  an  aver- 
age of  6.3  home  visits  during  pregnancy  and  16  visits  from  birth  to  the 
children's  second  birthdays.  The  main  outcomes  consisted  of  changes  in 
women's  urine  cotinine  over  the  course  of  pregnancy;  women's  use  of 
ancillary  services  during  pregnancy;  subsequent  pregnancies  and  births, 
educational  achievement,  workforce  participation,  and  use  of  welfare; 
mother-infant  responsive  interaction;  families'  home  environments; 
infants'  emotional  vulnerability  in  response  to  fear  stimuli  and  low  emo- 
tional vitality  in  response  to  joy  and  anger  stimuli;  and  children's  lan- 
guage and  mental  developmeni.  temperament,  and  behavioral  problems. 
RESULTS:  Paraprofessional-visitcd  mother-child  pairs  in  which  the 
mother  had  low  psychological  resources  interacted  with  one  another 
more  responsively  than  their  control-group  counterparts  (99.45  vs  97.54 
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Abstracts 


standard  score  points).  There  were  no  other  statistically  significant  para- 
profcssional  effects.  In  contrast  to  their  control-group  counterparts. 
nurse-visited  smokers  had  greater  reductions  in  cotinine  levels  from 
intake  to  the  end  of  pregnancy  (2.')y.()  vs  12.32  ng/niL);  by  the  study 
child's  second  birthday,  women  visited  by  nurses  had  fewer  subsequent 
pregnancies  (299f  vs  4 1 9r )  and  births  (1 2%  vs  l9'/5);  they  delayed  subse- 
quent pregnancies  for  longer  intervals;  and  during  the  second  year  after 
the  birth  of  their  first  child,  they  worked  more  than  women  in  the  control 
group  (6.83  vs  5.65  months).  Nurse-visited  mother-child  pairs  interacted 
with  one  another  more  responsi\ely  than  those  in  the  control  group 
(100.31  vs  98.99  standard  score  points).  At  6  months  of  age.  nurse-visited 
infants,  in  contrast  to  their  control-group  counterparts,  were  less  likely  to 
exhibit  emotional  vulnerability  in  response  to  fear  stimuli  ( 16'7f  vs  25%) 
and  nurse-visited  infants  born  to  woinen  with  low  psychological 
resources  were  less  likely  to  exhibit  low  emotional  vitality  in  response  to 
joy  and  anger  stimuli  (24%  vs  40%  and  13%  vs  33%).  At  21  months, 
nurse-visited  children  born  to  women  with  low  psychological  resources 
were  less  likely  to  exhibit  language  delays  il9c  vs  18%);  and  at  24 
months,  they  exhibited  superior  mental  development  (90  18  vs  86.20 
Mental  Development  Index  scores)  than  their  control-group  counterparts. 
There  were  no  statistically  significant  program  effects  for  the  nurses  on 
women's  use  of  ancillary  prenatal  services,  educational  achievement,  use 
of  welfare,  or  their  children's  temperament  or  behavior  problems.  For 
most  outcomes  on  which  either  visitor  produced  significant  effects,  the 
paraprofessionals  typically  had  effects  that  were  about  half  the  size  of 
those  produced  by  nurses.  CONCLUSIONS:  When  trained  in  a  model 
program  of  prenatal  and  infancy  home  visiting,  paraprofessionals  pro- 
duced small  effects  that  rarely  achieved  statistical  or  clinical  significance; 
the  absence  of  statistical  significance  for  some  outcomes  is  probably 
attributable  to  limited  statistical  power  to  detect  small  effects.  Nurses 
produced  significant  effects  on  a  wide  range  of  maternal  and  child  out- 
comes. 

Effects  of  Volume-Guaranteed  Synchronized  Intermittent  Manda- 
tory Ventilation  in  Preterm  Infants  Recovering  from  Respiratory 
Failure — Herrera  CM.  Gerhardt  T.  Clauie  N.  livcrclt  R.  .Musante  G. 
Thomas  C,  Bancalari  E.  Pediatrics  2002  Sep;l  l()(3):529-533. 

OBJECTIVE:  Volume  guarantee  (synchronized  intermittent  mandatory 
ventilation  [SlMV|-fVG)  is  a  novel  mode  of  SIMV  for  automatic 
adjustment  of  the  peak  inspiratory  pressure  to  ensure  a  minimum  set 
mechanical  tidal  volume  (Vj  mecii).  The  objective  of  this  study  was  to 
compare  the  effects  of  SIMV-hVG  with  conventional  SIMV  on  ventila- 
tion and  gas  exchange  in  a  group  of  very  low  birth  weight  infants  recov- 
ering from  acute  respiratory  failure.  METHODS:  Nine  infants  were  ini- 
tially studied  during  2  consecutive  6()-minute  ventilatory  modalities  of 
conventional  SIMV  (ventilator  settings  by  clinical  team)  and 
SlMV-i-VG  4.5  (  Vt  mech  set  at  4.5  ml./kg)  in  random  order.  Eight  addi- 
tional infants  were  studied  during  the  same  ventilatory  modalities  phis  1 
additional  epoch  consisting  of  SlMV-fVG  3.0  (Vj  mech  set  at  3.0 
mL/kg).  RESULTS:  Peak  inspiratory  pressure  was  significantly  lower 
during  SIMV+VG  3.0.  Mean  airway  pressure,  Vj  mech.  number  of  large 
Vt  mcth  (>7  niL/kg).  and  mechanical  minute  ventilation  (V^)  were 
reduced  during  SIMV-l-VG  4.5  compared  with  SIMV  and  were  further 
reduced  during  SlMV+VG  3.0.  Spontaneous  V|.  increased  during 
SlMV+VG  4.5  and  was  even  higher  during  SlMV-i-VG  3.0.  The  result- 
ing total  Vp  was  higher  during  both  SlMV-i-VG  modes  compared  with 
SIMV.  Arterial  oxygen  saturation  by  pulse  oximetry,  transcutaneous 
carbon  dioxide  tension,  and  fraction  of  inspired  oxygen  did  not  differ 
significantly,  although  transcutaneous  carbon  dioxide  tension  increased 
slightly  during  SlMV-i-VG  3.0,  CONCLUSIONS:  The  short-term  use  of 
SlMV-t-VG  resulted  in  automatic  weaning  of  the  mechanical  support 
and  enhancement  of  the  spontaneous  respiratory  effort  while  maintain- 
ing gas  exchange  relali\ely  unchanged  in  comparison  to  con\entional 
SIMV. 


Comparison  of  Kffecis  of  Strength  and  Endurance  Training  in 
Patients  »ilh  Chronic  <)l)structi\t  l'ulni(>nur\  Disease — Onega  F. 
Toial  J,  Cejudo  f,  Villagome/  R,  Sanchez  H,  Castillo  J,  Monteniayor  T. 
Am  .1  RespirCrit  Care  Med  2002  Sep  l;166l5):669-674. 

We  determined  the  effect  of  diflerent  exercise  training  modalities  in 
patients  with  chronic  obstructive  pulmonary  disease,  including  strength 
training  (n  =  17),  endurance  training  (n  =  16),  and  combined  strength  and 
endurance  (n  =  14)  (half  of  the  endurance  and  half  of  the  strengthening 
exercises).  Data  were  compared  at  baseline,  the  end  of  the  1 2-week  exer- 
cise-training program,  and  12  weeks  later.  Improvement  in  the  walking 
distance  was  only  significant  in  the  strength  group.  Increases  in  submaxi- 
mal  exercise  capacity  for  the  endurance  group  were  significantly  higher 
than  those  observed  in  the  strength  group  but  were  of  similar  magnitude 
than  those  in  the  combined  training  modality,  which  in  turn  were  signifi- 
cantly higher  than  for  the  strength  group.  Increases  in  the  strength  of  the 
muscle  groups  measured  in  five  weight  lifting  exercises  were  signifi- 
cantly higher  in  the  strength  group  than  in  the  endurance  group  but  were 
of  similar  m;ignitude  than  in  the  combined  training  group,  which  again 
showed  significantly  higher  increases  than  subjects  in  the  endurance 
group.  Any  training  modality  showed  significant  improsements  of  the 
brealhlessness  score  and  the  dyspnea  dimension  of  the  chronic  respiratory 
questionnaire.  In  conclusion,  the  combination  of  strength  and  endurance 
training  seems  an  adequate  training  strategy  for  chronic  obstructive  pul- 
monary disease  patients. 

Oral  Appliance  Therapy  Improves  Symptoms  in  Obstructive  Sleep 
Apnea:  A  Randomized.  Controlled  Trial — Gotsopoulos  H.  Chen  C, 
Qian  J.  Cistulli  PA.  Am  J  Rcspir  Crit  Care  Med  2002  Sep  I;I66(5):743- 
748, 

The  aim  ol  this  study  was  to  evaluate  the  effect  of  a  mandibular 
advancement  splint  (MAS)  on  daytime  sleepiness  and  a  range  of  other 
symptoms  in  obstructive  sleep  apnea  (OSA).  Using  a  randomized 
crossover  design,  patients  received  4  weeks  of  treatment  with  MAS 
and  a  control  device  (inactive  oral  appliance),  with  an  intervening  1- 
week  washout.  At  the  end  of  each  treatment  period,  patients  were 
reassessed  by  questionnaire,  polysomnography,  and  multiple  sleep 
latency  test.  Fifty-nine  men  and  14  women  with  a  mean  (±  SD)  age  of 
48  ±  1  1  years  and  proven  OSA  experienced  a  significantly  improved 
mean  (±  SEM)  sleep  latency  on  the  multiple  sleep  latency  test  ( 10.3  ± 
0.5  versus  9.1  ±  0,5  minutes,  p  =  0.01)  and  Epworth  sleepiness  scale 
score  (7  ±  1  versus  9  ±  1 .  p  <  0,0001 )  with  the  MAS  compared  with  the 
control  device  after  4  weeks.  The  proportion  of  patients  with  normal 
subjective  sleepiness  was  significantly  higher  with  the  MAS  than  with 
the  control  device  (82  versus  62%^.  p  <  0,01 ),  but  this  was  not  so  for 
objective  sleepiness  (48  versus  34%.  p  =  0.08),  Other  OSA  symptoms 
were  controlled  in  significantly  more  patients  with  the  MAS  than  with 
the  control  device.  M.^S  therapy  improves  a  range  of  symptoms  as.so- 
ciated  with  OS,^. 

Are  Tidal  Volume  Measurements  in  Neonatal  Pressure-Controlled 
Ventilation  Accurate?— Chow  LC.  Vanderhal  A,  Raber  J,  Sola  A  Pedi- 
atr  Pulmonol  2(102  .Sep;.34(3l:196-202. 

Bedside  pulnionarv  mechanics  monitors  (PMMi  have  become  uselul  in 
\entilatory  management  in  neonates.  These  monitors  are  used  more  fre- 
quently due  to  recent  improvements  in  data-processing  capabilities. 
PMM  devices  are  often  part  of  the  ventilator  or  are  separate  units.  The 
accuracy  and  reliability  of  these  systems  have  not  been  carefully  evalu- 
ated.We  compared  a  single  ventilatory  parameter,  tidal  volume  (V,).  as 
measured  by  several  systems.  We  looked  at  two  freestanding  PMMs; 
the  Ventrak  Respiratory  Monitoring  System  (Novametrix,  Wallingford. 
CT)  and  the  Bicore  CP-lOO  Neonatal  Pulmonary  Monitor  (Allied 
Health  Care  Products.  Riverside.  CAl.  and  three  ventilators  with  built- 
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in  PMM:  the  VIP  Bird  Venlilalor  (Bird  Products  Corp..  Palm  Springs. 
CA).  Siemens  Servo  3()()A  (Siemens-Elenia  AB.  Solna.  Sweden),  and 
Drager  Babylog  SOOO  (Drager.  Inc..  Chantilly.  VA).  A  calibrated 
syringe  (Hans  Rudolph.  Inc..  Kansas  City.  MO)  was  used  to  deliver 
tidal  volumes  of  4.  10.  and  20  mL  to  each  ventilator  system  coupled 
with  a  freestanding  PMM.  After  achieving  steady  slate,  six  consecutive 
V,  readings  were  taken  simultaneously  from  the  freestanding  PMM  and 
each  ventilator.  In  a  second  portion  of  the  bench  study,  wc  used  pres- 
sure-control ventilation  and  measured  exhaled  tidal  volume  (V.^.)  while 
ventilating  a  Bear  Test  Lung  with  the  same  three  ventilators.  We 
adjusted  peak  mspiratory  pressure  (PIP)  under  controlled  conditions  to 
achieve  the  three  different  targeted  tidal  volumes  on  the  paired  free- 
standing PMM.  Again,  six  V,,  measurements  were  recorded  for  each 
tidal  volume.  Means  and  standard  deviations  were  calculatcd.The  per- 
centage difference  in  nieasurement  of  V,  delivered  by  calibrated  syringe 
varied  greatly,  with  the  greatest  discrepancy  seen  in  the  smallest  tidal 
volumes,  by  up  to  28"^^.  In  pressure  control  mode.  Vi^,  as  measured  by 
the  Siemens  was  significantly  overestimated  by  20-959f,  with  the 
biggest  discrepancy  at  the  smallest  Vn.,  particularly  when  paired  with 
the  Bicore  PMM.  V,^.,  as  measured  by  the  VIP  Bird  and  Drager  paired 
with  the  Ventrak  PMM,  had  a  tendency  to  underestimate  V,  by  up  to 
259^  at  the  smallest  V,^..  However,  when  paired  with  the  Bicore  PMM, 
these  same  lv\o  ventilators  read  o\er  target  by  up  to  18% .Under  con- 
trolled laboratory  conditions,  we  demonstrated  that  true  delivered  V|^., 
as  measured  by  the  three  ventilators  and  two  freestanding  PMM,  dif- 
fered markedly.  In  general,  decreasing  dynamic  compliance  of  the  tub- 
ing was  not  associated  with  greater  inaccuracy  in  V|^.  measurements. 


High-Frequency  Oscillatory  V  entilation  for  (he  Prevention  of  Chronic 
Lung  Disease  of  Prematurity — Johnson  .AH.  Peacock  .11-,  Gieenough  A. 
Marlow  N,  Limb  ES.  Marston  L,  Calvert  SA;  United  Kingdom  Oscillation 
Study  Group.  N  Engl  J  Med  2002  Aug  29;347(9);63.V642. 

BACKGROUND:  There  remains  uncertainty  concerning  the  safety  and 
efficacy  of  high-frequency  oscillatory  ventilation  as  compared  with  those 
of  conventional  ventilation  for  the  respiratory  support  of  very  preterm 
infants.  We  conducted  a  niulticenter  trial  to  determine  whether  early 
intervention  with  high-frequency  oscillatory  ventilation  reduced  mortal- 
ity and  the  incidence  of  chronic  lung  disease  among  new  borns  w  ith  a  ges- 
tational age  of  28  weeks  or  less.  METHODS:  We  randomly  assigned 
preterm  infants  with  a  gestational  age  of  23  to  28  weeks  to  either  conven- 
tional ventilation  or  high-frequency  oscillatory  ventilation  within  one 
hour  after  birth.  Randomization  was  stratified  according  to  center  and 
gestational  age  (23  to  2.^  weeks  or  2ft  to  28  weeks).  RESULTS:  A  total  of 
400  infants  were  assigned  to  high-frequency  oscillatory  ventilation,  and 
397  were  assigned  tti  conventional  ventilation.  The  composite  primary 
outcome  (death  or  chronic  lung  disease,  diagnosed  at  36  weeks  of  po.sl- 
menstrual  age)  occurred  in  (if)  percent  of  the  infants  assigned  to  receive 
high-frequency  oscillatory  ventilation  and  68  percent  of  those  in  the  con- 
ventional-ventilation group  (relative  risk  in  the  group  assigned  to  high- 
frequency  oscillatory  ventilation.  0,98;  95  percent  confidence  interval, 
0.89  to  1.08).  Similar  proportions  of  infants  died  or  had  chronic  lung  dis- 
ease in  each  gestational-age  group.  In  both  treatment  groups  treatment 
failure  occurred  in  10  percent  of  infants  (relative  risk  in  the  group 
assigned  to  high-lrequency  o.seillalory  ventilation,  0,99:  95  percent  confi- 
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dence  inlerval.  0.66  to  1.50).  There  were  no  significanl  differences 
between  the  groups  in  a  range  of  other  secondary  outcome  measures, 
including  serious  brain  injury  and  air  leak.  CONCLUSIONS:  The  results 
obtained  with  high-lrequency  oscillatory  ventilation  and  conventional 
ventilation  do  not  diller  signiricamly  in  the  early  treatment  of  respiratory 
disease  in  very  preterm  infants.  Assessment  of  long-term  effects  will 
require  additional  follow-up. 

High-Frequency  Oscillatory  Nentilation  \  ersus  Conventional 
Mechanical  \  entilation  for  \er\ -Low -Birth-Weight  Infants — Court- 
ney SE.  Durand  DJ.  .Xssclin  JM.  Hudak  ML.  .Aschner  JL.  Shoemaker  CT; 
Neonatal  Ventilation  Study  Group.  N  Engl  J  Med  2002  Aug 
29:347(9);643-652. 

BACKGROUND:  The  efficacy  and  safety  of  early  high-frequency  oscil- 
latory ventilation  as  compared  with  conventional  synchronized  intermit- 
tent mandatory  ventilation  for  the  treatment  of  infants  with  very  low  birth 
weight  have  not  been  established.  METHODS:  We  conducted  a  random- 
ized, multicenter  clinical  trial  to  determine  whether  infants  treated  with 
early  high-frequency  oscillatory  ventilation  were  more  likely  than  infants 
treated  with  synchronized  intennittent  mandatory  ventilation  to  be  alive 
without  requiring  supplemental  oxygen  at  .^6  weeks  of  poslmenstrual  age. 
Eligible  infants  weighed  601  to  1200  g  at  birth,  were  less  than  four  hours 
of  age,  had  received  one  dose  of  surfactant,  and  required  ventilation  with 
a  mean  airway  pressure  of  at  least  6  cm  of  water  and  a  fraction  of  inspired 
oxygen  of  at  least  0.25.  Infants  were  stratified  according  to  birth  weight 
and  exposure  to  prenatal  corticosteroids  and  then  randomly  assigned  to 
high-frequency  oscillatory  ventilation  or  synchronized  intermittent 
mandatory  ventilation.  Ventilation  was  managed  according  to  protocols 
designed  to  optimize  lung  inflation  and  blood  gas  values.  RESULTS: 
Five  hundred  infants  were  enrolled  in  the  study.  Infants  randomly 
assigned  to  high-frequency  oscillatory  ventilation  were  successfully  e.xtu- 
bated  earlier  than  infants  assigned  to  synchronized  intermittent  manda- 
tory ventilation  (p<0.00l ).  Of  infants  assigned  to  high-frequency  oscilla- 
tory ventilation.  56  percent  were  alive  without  a  need  for  supplemental 
oxygen  at  36  weeks  of  poslmenstrual  age,  as  compared  with  47  percent  of 
those  receiving  synchronized  intermittent  mandatory  ventilation 
(p=0.046).  There  was  no  difference  between  the  groups  in  the  risk  of 
intracranial  hemorrhage,  cystic  periventricular  leukomalacia.  or  other 
complications.  CONCLUSIONS:  There  was  a  small  but  significant  bene- 
I1t  of  high-frequency  oscillatory  ventilation  in  terms  of  the  pulmonary 
outcome  for  very-low-birth-weighl  infants  without  an  increase  in  the 
occurrence  of  other  complications  of  premature  birth. 

Dead-Space  Reduction  and  Tracheal  Pressure  Measurements  Using 
a  Coaxial  Inner  Tube  in  an  Endotracheal  Tube — Lethvall  S.  Sonder- 
gaard  S.  Karason  S,  Lundin  S.  Slcnq\ist  O.  Intensive  Care  Med  2002 
Aug;28(8):1042-104S. 

OBJECTIVE.  To  evaluate  the  effects  on  COj  w  ashout  of  the  coaxial  dou- 
ble lumen  tube  (DLT)  as  compared  to  a  standard  endotracheal  tube  (ETT) 
and  tracheal  gas  insufflation  (TGI).  Precision  of  tracheal  pressure  moni- 
toring through  the  DLT  and  safety  issues,  including  intrinsic  PEEP 
(PEEPi)  formation  during  DLT  ventilation,  were  also  evaluated. 
DESIGN.  Lung  model  study.  SETTING.  University  research  laboratory. 
MEASUREMENTS  AND  RESULTS.  CO;  washout  was  analysed  in  a 
lung  model  by  measuring  single  alveolar  CO:  concentration  during  DLT 
ventilation  as  compared  to  standard  ETT  ventilation,  at  different  minute 
ventilation  (6-14  L/min)  and  different  COi-output  levels  (ISO  mL/min. 
240  mL/min,  and  300  mL/min ).  At  a  CO;  output  level  of  240  mL/min  the 
CO:  washout  was  also  compared  to  tidal  volume-adjusted  continuous 
TGI  and  expiratory  synchronised  TGI.  Precision  of  tracheal  pressure 
monitoring  and  PEEPi  formation  during  DLT  ventilation  was  evaluated 
by  comparing  pressure  in  each  limb  above  the  tube  to  reference  tracheal 
pressure,  varying  l:H  ratios  il:2.  1:1,  and  2:1).  tidal  volumes  (300-700 


niL),  breathing  frequencies  (15-25).  and  compliance  (20-50  mL/cm 
H;0).  DLT  ventilation  had  the  same  elTicacy  in  removing  CO;  as  contin- 
uous and  expiratory  synchronised  TGI,  reducing  single  alveolar  CO;  con- 
centration by  9-21'*  compared  to  normal  ventilation.  Tracheal  pressure 
could  be  measured  through  the  DLT  with  high  precision.  There  was  only 
marginal  formation  of  PEEPi  at  tidal  volumes  <600  mL,  I:E  ratio  <l:l. 
and  compliance  <35  mL/cm  H:0,  CONCLUSIONS.  The  double  lumen 
lube  is  as  effective  as  tracheal  gas  insufflation  in  reducing  CO;  tension. 
Tracheal  pressure  and  formation  of  PEEPi  can  be  monitored  with  high 
precision  without  interrupting  ventilation. 

Bench  Testin);  of  Pressure  Support  N'entilation  with  Three  Different 
(Jenerations  of  Nentilators — Richard  JC.  Carlucci  .A.  Breton  L, 
Langlais  N,  Jaber  S.  Maggiore  S,  et  al.  Intensive  Care  Med  2002 
Aug;2X(S):  1049- 1057. 

OBJECTIVE.  The  new  generations  of  intensive  care  ventilators  tend  to 
be  more  innovative  and  sophisticated  than  previous  ones,  but  little  is 
know  n  about  their  respective  performance  for  delivering  pressure  support 
ventilation  (PSV)  and  how  they  compare  to  previous  generations. 
DESIGN.  Active  lung  model  bench  test.  APP.AR.ATUS.  Twenty-two 
commercially  available  ventilators  classified  into  three  categories:  new 
generation  ventilators  (after  1993,  n=7),  previous  generation  (before 
1993,  n=6),  and  recent  piston  or  turbine-based  ventilators  (n=9).  MEA- 
SUREMENTS AND  RESULTS.  During  PSV,  the  unloading  efficacy  of 
the  assistance  depends  on  the  ventilator's  ability  to  meet  inspiratory  flow 
demand.  Three  levels  of  flow  (0. 1  L/s,  0,6  L/s,  and  1 .2  Us)  were  used  to 
simulate  inspiratory  demand  and  the  net  area  of  the  inspiratory  airway 
pressure-time  trace  was  calculated  over  the  first  0.3  s.  0.5  s.  and  1  s 
(.Areaui.  Area(j5,  and  Area.oi)  with  three  levels  of  PSV  (5  cm  H;0,  10  cm 
H;0.  and  15  cm  H;Ol.  To  assess  the  respective  role  of  pressure  support 
delivery  and  triggering  function,  triggering  sensitivity  was  assessed  inde- 
pendently by  measuring  the  time  delay  (TD,g)  and  the  pressure  fall 
( APjw,,g)  with  two  levels  of  inspiratory  drive.  All  the  new  generation  ven- 
tilators exhibited  significantly  better  results  than  most  of  the  previous 
generation  ventilators  regarding  Areao,?  and  TDig,  indicating  large 
improvements  in  terms  of  triggering  and  pressurisation.  CONCLUSION. 
Regarding  PSV  and  trigger  performance,  the  new  generation  ventilators 
—  but  also  some  piston  and  turbine-based  ventilators  —  outperform  most 
of  pre\  ious  generation  ventilators. 

Nitric  Oxide  Contamination  of  Hospital  Compressed  .Air  Improves 
Gas  Exchange  in  Patients  with  Acute  Lung  Injury — Tan  K,  Gene  F, 

Delgado  E,  Kellum  JA,  Pinsky  MR.  Intensive  Care  Med  2002 
Aug;28(8):  1064-1072. 

OBJECTIVE.  We  tested  the  hypothesis  that  NO  contamination  of  hospi- 
tal compressed  air  also  improves  P^oi  in  patients  with  acute  lung  injury 
(.ALI)  and  following  lung  transplant  (LTx).  DESIGN.  Prospective  clinical 
study.  SETTING.  Cardiothoracic  intensive  care  unit.  P.ATIENTS.  Sub- 
jects following  cardiac  surgery  iCABG.  n=7):  with  ALI  (  n=7),  and  fol- 
lowing LTx  (  n=5),  INTERVENTIONS.  Four  sequential  15-min  steps  at 
a  constant  Fioi  were  used:  hospital  compressed  air-O;  (HI ),  N;-0;  (AI), 
repeat  compressed  air-O;  (H2),  and  repeat  N;-0;  (A2),  MEASURE- 
MENTS AND  RESULTS.  NO  levels  were  measured  from  the  endotra- 
cheal tube.  Cardiorespiratory  values  included  P.,()^  vvere  measured  at  the 
end  of  each  step.  Fio;  was  0.46±0.05,  0.53±O.  15.  and  0.47±0.06 
(mean+SDl  for  three  groups,  respectively.  Inhaled  .NO  levels  during  HI 
varied  among  subjects  (30-550  ppb.  27-300  ppb.  and  5-220  ppb,  respec- 
tively). Exhaled  NO  levels  were  not  delected  in  4/7  of  CABG  (0-300 
ppb).  3/6  of  ALI  (0-140  ppb),  and  3/5  of  LTx  (0-59  ppb)  patients  during 
HI,  whereas  during  Al  all  but  one  patient  in  ALI  and  three  CABG 
patients  had  measurable  exhaled  NO  levels  (  p<0,05).  Small  but  signifi- 
cant decreases  in  P,,t),  occurred  for  all  groups  from  HI  to  A I  and  H2  to 
A2  (132-99  torr  and  128-120  torr,  p  <0.0I,  respectively).  There  was  no 
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'iBSS  M  m  nporteil. 

Xopenex  is  contralndlcated  In  patients  witli  a  history  of  hypersensitivity  to  levalbuterol  HCI  tr  racemlc  alboterol. 

See  next  page  for  bnef  soramary  of  Xopenex  prescribing  inioraiation  and  safety  information  concetnm?  8-agonists. 
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I  Inhalation  Solution.  0.31  mgV  0.63  mgM.25  mg' 

'Polency  eipressed  as  levalbuterol 


Xopenex  (levalbuterol! 

(zo'pri-neks'i 

BRIEF  SUMMARY 

INDICATIONS  AND  USAGE  >.op£re«  iie/altiuie'oi  hCii  inriaWon  Soluiion  is  inaaeo  lor  ihe  neaifiiefii  of  prevenlion  of  btonchospasm  in  adults, 
dOQ-,  -  ■  -  ■  ^^(5ofagean(]o!det/.ittiteverstDleotislructivea)rw3yoisease 

CONTRAiNDiCAliONS  ■  .:-:vj  (if^Ouleroi  HCi)  Inhalation  Soiulm  is  contraindoied  m  patienis  with  a  history  of  Hypersensitivity  to  levaibuterotHCl  or 
racemic  iOuieioi 

WARNINGS:  1  Paradoxical  Broncfiosoasm  Uke  other  inhaleo  beta-aOfenergic  aoonisls  Xooenei  Intialalion  Soliilion  tan  produce  paradoxical 
Of  oncfiosMSffl,  which  may  t)e  Me  threatening  II  paradoxal  broncfiospasm  occurs,  Xopenex  (nhalaiion  Solution  should  Oe  discontinuK]  immeflalely  and 
aftemative  ihefapy  instituted  !t  shook)  De  recognized  Ifial  paiMoxicai  Oronchospasm,  wnen  assooaied  with  inhaled  lomulations,  trequentty  occurs  witn 
Ifie  fi5t  use  ol  a  new  canister  or  vai  2  Deterioraton  oi  Asthma.  Asthma  may  fleieriorate  acutefy  over  a  penod  ol  hours  or  chronolty  over  several  days  or 
longer  II  the  paiKni  needs  more  doses  ol  Xopenex  Inhalation  Solution  than  usual,  this  ma-y  (k  a  ma^ei  ol  destabilialion  ol  asthma  anfl  requires  reevalualion 
otthepatientaMlrea^eni  regimen, giving  specaiconsidetahon  10  the  possible  needier  anti-intianirTiatoryirea^ent.eg  corticosteroids  3  Uj^plAnti- 
Inftammatory  Agents.  The  use  ol  Oeta-adrenergic  agomst  bronchodilators  alone  may  noi  bt  adequate  to  control  asthma  in  many  patients  Earty  consideration 
tfiouW  be  given  to  adding  anti-mliammatory  agents  e  g ,  corticosteroids,  to  the  therapeutic  regimen  4  Cardto/ascuiarEttecis  Xopenex  inhalation  Solution 
like  all  other  beta-adrenergic  agonists,  can  produce  a  dmicalt'/  sigrnlcanl  cardiovascular  etiea  m  some  patients,  as  measured  by  puise  rate.  Olood  pressure, 
and/or  S'ymploms.  Alffiough  such  eflects  are  uncommon  aftet  administration  ol  Xopenex  inhalation  Solution  at  recommended  doses,  it  Ihey  occur,  the  drug 
may  need  to  be  discontinued  in  addition,  beta-agomsts  have  been  reported  to  produce  ECG  changes,  such  as  fianening  ol  the  T  vm.  prolongation  oi  the 
0T(  interval,  and  ST  segment  depression  Tfie  clinical  sigmticance  ot  these  Imdings  is  unknown  Theretore,  Xopenex  Inhalation  Solution,  like  all 
symiHthomimetic  amines,  should  be  used  *viih  caution  m  patients  with  cardioi^ular  disorders,  especially  coronary  msuttJciency  cardiac  arrhythmias,  and 
hypertension  5  po  l^ol  Exceed  Hecommended  Dose.  Fatalities  have  tKen  reported  m  association  wlh  excessive  use  ol  inhaled  sympathomimetic  drugs  in 
patients  with  asthma.  The  exact  cause  ol  death  ts  unknov/n,  m  cardiac  arrest  loilowng  an  unexpected  development  ol  a  severe  acute  asthmatic  cnsis  and 
subsequent  hypoxia  is  suspected  6  immediate  Hypersensilr^t^i  Reactions  immediate  hypersensitivity  reactions  may  occur  atter  administration  ot  racemic 
albuterol,  as  demonstrated  by  rare  cases  of  urticaria,  angioedema,  rash,  Oronchospasm,  anaphylaxis,  and  oropharyngeal  edema.  The  potential  lor 
hypersensitivity  must  be  considered  m  the  cimical  evaluation  ol  patients  who  experience  immediate  hypersensitivity  reactions  while  receiving  Xopenex 
Inhala^on  Solution 

PRECAUTIONS:  General  Levalbuterol  HCI,  like  all  sympathomimetic  amines,  should  be  used  with  caution  in  patients  with  cardiovascular  disorders,  especially 
coronary  insufficiency,  hypertension,  and  cardiac  arrhythmias:  in  patients  with  convulsive  disorders,  hyperthyroidism,  or  diabetes  mellilus.  and  in  patients 
wfto  are  unusually  responsive  to  sympathomimetic  amines.  Clinically  significant  changes  in  systolic  and  dastolic  blood  pressure  \\m  been  seen  m  individual 
patients  and  could  be  expected  to  occur  in  some  patients  alter  the  use  ol  any  beta-adrenergic  bronchodilator  Large  doses  ol  intravenous  racemic  albuterol 
have  been  reported  to  aggravate  preexisting  diaoetes  mellitus  and  ketoacidosis  As  with  other  beta-adrenergic  agonist  medications,  levalbuterol  may  produce 
signihcart  hypokalemia  m  some  patients,  possibly  through  intracellular  shunbng,  which  has  Ihe  potential  to  produce  adverse  cardiovascular  eflects.  The 
decrease  is  usually  transient  not  requiring  supplementation 

Irriormalion  lor  Palienis  Ttie  action  of  Xopenex  (levalbuterol  HC1|  Inhalation  Solution  may  last  up  to  8  hours  Xopenex  Inhalation  Solution  should  not  be  used 
more  Irequenlly  than  recommended  Do  not  increase  the  dose  or  Irequency  of  dosmg  of  Xopenex  Inhalation  Solution  without  consulting  your  physician  11 
you  Imd  thai  treatment  with  Xopenen  Inhalation  Solution  becomes  less  effective  lor  s-ymptomatic  reliel,  your  symptoms  become  worse,  anior  you  need  to 
use  tJie  product  more  Ireouenliy  than  usual,  you  should  seek  medical  attenbon  immediately  While  you  are  taking  Xopenex  Inhalation  Solution,  other  inhaled 
drugs  and  asthma  medications  should  be  taken  only  as  directed  Oy  your  physician  Common  adverse  effects  indude  palpitations,  chest  pain,  rapid  heart  rale 
headache,  dizziness,  and  tremor  or  nervousness  II  you  are  pregnant  or  nursmg,  contact  your  physician  about  the  use  ol  Xopenex  Inhalation  Solution. 
Eflecllve  and  safe  use  of  Xopenex  inhalation  Solution  requires  consideration  ol  Ihe  loilowmg  information  m  addition  to  that  provided  under  Patient's 
Instructions  lor  Use  (see  complete  prescnbmg  mlormation)  Xopene>  Inhalation  Solution  smgie-use  low-density  polyethylene  (LDPE)  vials  should  Oe 
protected  liom  hghi  and  excessrve  heaL  Store  m  the  protective  toil  pouch  betoeen  20°C  and  25''C  |68°F  and  77'F).  Do  nol  use  alter  Ihe  expiration  date 
stamped  on  the  container.  Unused  v^als  should  be  stored  in  the  protective  loil  pouch  Once  the  toil  pouch  is  opened,  the  viais  shouki  be  used  withm  Iv/o 
weeks.  U'lais  removed  Irom  the  pouch,  it  not  used  immediately,  shouk)  be  protected  Irom  light  and  used  within  one  week.  Discard  any  vi^  i1  the  solution  is 
not  colorless 

The  dojg  compatibility  (physical  and  chemical!,  efficacy,  and  salety  ol  Xopenex  Inhalation  Solution  when  mixed  with  other  drugs  in  a  nebulcer  have  nol  been 
established 

Drug  Interactions  Other  short-achng  sympathomimetic  aerosol  bronchodilators  or  epinephrine  should  be  used  with  caution  with  levalbuterol.  II  additional 
adrenergic  drugs  are  to  be  administered  by  any  route,  they  should  be  used  with  caulion  to  avoid  deleterious  cardiovascular  effects. 
1  Beta-blockers.  Beta-adrenergic  receptor  blocking  agents  not  only  block  the  pulmonary  effect  ol  beta-agonists  such  as  Xopenex  (levalbuterol  HCII  Inhalahon 
Solution,  bul  may  also  produce  severe  bronchospasm  m  asthmatic  patients  Theretore,  patients  wilh  asthma  should  not  normally  be  treated  with  beta- 
blockers  However,  under  certain  circumstances,  e.g.,  as  prophylaxis  atter  myocaroial  inlarciion,  there  may  Oe  no  acceptable  allemaiives  lo  Ihe  use  ol  beta- 
adrenergic  blocking  agents  in  pabents  vflth  asthma.  In  this  setting,  cardioseleclive  Oeta-blockeis  could  Oe  considered,  although  they  should  be  administered 
w1!i  caubon 

2-  Diurelics:  The  ECG  changes  and/or  hypokalemia  that  may  result  Irom  Ihe  administration  ol  non-potassium  sparing  diurebcs  (such  as  loop  or  thiazide 
diurelics)  can  be  acutely  worsened  by  beta-agonists,  especially  when  the  recommended  Dose  ol  Ihe  beta-agonisl  is  exceeded.  Although  the  clinical 
significance  ol  these  eflects  is  not  known,  caution  is  advised  m  the  coadministration  of  Oeia-agonisis  with  non-potassium  sparing  diuretics 
3.  Digoxin:  Mean  decreases  ol  16%  and  22%  m  serum  digoxin  levels  were  demonstrated  atter  smgle-dose  intravenous  and  oral  administration  ol  racemic 
albuterol  respechvely,  to  normal  volunteers  who  had  received  digoxin  for  10  days  The  clmicai  signrficance  ol  these  lindings  lor  patients  v/ih  obstniclive  airway 
disease  who  are  recewing  levalbuterol  HCi  and  digoxm  on  a  chronic  basis  is  unclear  Nevertheless,  it  would  be  prudent  to  carefully  evaluate  the  serum  digoxin 
levels  in  patterns  who  are  currently  receiving  digoxin  and  Xopenex  Inhalation  Solution 

4  Monoamine  Oxidase  Inhibitors  or  Tricyclic  Ariideoressanis  Xopenex  inhalation  Solution  should  be  administered  with  extreme  caution  to  patents  being 
trealed  wlh  monoam'^ e  oxidase  Thibifors  or  IncycliC  antidepressants,  or  withm  2  weeks  ot  discontinualion  ot  such  agents,  because  the  action  of  levalbuterol 
HClonthev3sa;:a'.  .'-"    :  ■.-.:y;.j;ed 

Carcinogenesis.  Muia:enr3is  ard  impairment  ol  Fertility  No  carcmogenesisor  impairment  ollertility  studies  haveOeencarnedout  with  levalbuterol  HCi 
alone.  However  'i'.  .  ■  ^  'n  been  evaluated  lor  its  carcinogenic  polenoal  and  ability  to  impair  lerlility.  In  a  2-year  study  m  Sprague-Dawley 

rats  raceme  alOuleioi  sui'aie  caiisec  a  signilicani  dose-ielateO  increase  in  the  incidence  ol  benign  leiomyomas  ol  the  mesovanum  al  and  above  dietary 
doses  of  2  m^lig  (approximately  2  bmes  the  maximum  recommended  daily  inhalation  dose  ol  levalbuterol  HCI  lor  adults  and  children  on  a  mg/m'  basis)  (n 
another  study,  this  effect  was  blocked  by  the  coadministration  ol  propranolol,  a  nonseleciive  beta-adrenergic  antagonist  In  an  18-monih  study  in  CO-1  mice, 
raceme  albuterol  sulfate  showed  no  evidence  of  tumongemcity  al  dietary  doses  up  to  500  mgiVg  (approximately  260  times  the  maximum  recommended  daily 
inhalation  dose  of  lewlbulerol  HCl  for  adults  and  children  on  a  mg'm^  Oasisi.  In  a  22-month  study  in  the  Golden  hamster,  racemic  albuterol  suttate  showed 
no  evidence  of  tumongemcity  at  dietary  doses  up  to  50  mg^kg  i  approximately  35  limes  the  maximum  recommended  daily  mhalalion  dose  ol  levalbuterol  HCl 
for  adults  and  children  on  a  mg/m"  basis)  Levalbuterol  HCl  ms  not  mutagenic  in  the  Ames  test  or  the  CHO/HPRT  Mammalian  Forv/ard  Gene  Mutation  Assay 
Although  levalbuterol  HCl  has  nol  been  tested  for  dastogenicity,  racemic  albuterol  sulfate  was  not  claslogenic  in  a  human  peripheral  lymphocyte  assay  or  m 
an  AHi  strain  mouse  micronuc'eus  assay  Reproduction  studies  m  rats  using  racemic  albuterol  suHate  demonstrated  no  evidence  ot  impaired  felility  al  oral 
doses ..:  -  -.'  -■:;  ■ :  :::-'.  ■  ~:'-',  '[■  times  the  maximum  recommended  daily  inhalation  dose  ol  levalbuterol  HCl  lor  adults  on  a  mg/m'  basisi 
Teralogenic  Ettecis  Pregnancy  Cslegory  C  A  reproduction  study  in  Uew  Zealand  White  rabbits  demonstrated  thai  levalbuterol  HCl  ivas  nol  leralogenic 
wht-.j  .., ; .  .:....■.  ::mgi1tg  (approximately  110  timesthe  maximum  recommended  daily  inhalation  doseol  levalbuterol  HClfor  adults 

on  a  mg^m  ujbi^i  nmvever  rjcennL  diDuieroi  sulfate  has  been  shown  lo  be  leralogenic  m  mice  and  rabbils  A  sludy  in  CD-I  mice  given  racemic  albulerol 
sulfale  subculaneously  showed  cleft  palale  lormalion  m  5  ot  1 1  f  |4  5°i)  teluses  at  0.25  mg/Vg  (less  than  the  maximum  recommended  daily  inhalation  dose 
ol  levalOulerol  HCl  for  adults  on  a  ^^m  OasiS]  and  m  10  ol  108 19  Z\\  leluses  at  2  5  mg/kg  (approximately  equal  to  the  maximum  recommended  daily 
inhalation  dose  ol  levalbuterol  HCl  lor  adults  on  a  mg/m'  basisj  The  drug  did  not  induce  clelt  palate  formation  when  admimslered  subcutaneousfy  at  a  dose 
of  0,025  mg^g  (less  than  the  maximum  recommended  daity  mhaiaiion  dose  ol  levalbuterol  HCl  for  adults  on  a  mg^'m  basis)  Clelt  palate  also  occurred  in  22 
of  72  (30  5'i)  fetuses  from  females  trealed  subculaneously  with  2  5  mg/Xg  ol  isoproterenol  (positive  conlrol).  A  reproduction  sludy  m  Stnde  Dutch  rabbits 
revealed  cramoschisis  m  7  0119  (37%)  leluses  when  raceme  albulerol  suilate  was  administered  orally  al  a  dose  ol  50  mg/kg  (approximalely  1 10  bmes  the 
maximum  recommended  daily  inhalation  dose  ot  levalbuterol  HCl  lor  adults  on  a  mgrn-  basisi  A  study  m  which  pregnant  rats  vffire  dosed  with  radiolabeled 
tacemic  albuterol  sulfate  demonstrated  that  drug-relaled  material  is  transferred  from  the  maternal  circulation  to  the  lelus  There  are  no  adequate  and  weli- 
conlrolled  sludies  ol  Xopenex  Inhalabon  Solubon  m  pregnant  women  Because  animal  reproduction  studies  are  not  always  predictive  of  human  response. 
Xopenex  Inhalabon  Solution  should  be  used  dunng  pregnancy  only  if  the  ooienbai  benefit  lustilies  the  potenbal  nsk  to  the  fetus  During  martielmg  eipenence 
of  racemic  albuterol  vanous  congenital  anomalies,  including  cleft  patale  and  limb  defects,  have  been  rarely  reported  m  the  offspring  of  pabents  being  treated 
wlh  racemt  albulerol  Some  of  Ihe  mothers  were  taking  multiple  medications  during  their  pregnancies  No  consistent  pattern  ol  delects  can  be  discerned. 
an}  a  leiaoonship  between  racemic  albuterol  use  and  congenital  anomalies  has  not  been  established 

Use  in  Labor  and  Delivery  Because  of  the  potential  lor  beta-adrenergic  agonists  to  interfere  with  uienne  coniractitiry  the  use  ol  Xopenex  Inhalation  Solubon 
for  the  beaimenl  of  bronchospasm  dunng  labor  shouk]  be  restncted  to  those  patients  in  whom  the  benefits  clearly  outweigh  the  risk 
Tocolysis  Levalbuterol  HCi  has  not  been  approved  tor  the  management  ot  preterm  labor.  The  benefit  risk  ratio  when  lev^buterol  HCi  is  administered  for 
t«ol^s  has  nol  been  established  Serous  adverse  reactions,  including  maternal  pulmonary  edema,  have  been  reported  during  or  tollowing  treatmenl  ol 
premature  tabor  with  bela^ -agonists,  including  racemic  albuterol 

Nursing  Mothers  Plasma'  levels  of  levalbuterol  after  inhalation  ot  therapeutic  doses  are  very  low  m  humans,  but  it  is  nol  known  whether  le\albuterol  is 
wcreted  m  human  milk  Because  ot  the  potential  lor  tumongenicity  ^own  lor  racemic  albuterol  in  animal  studies  and  the  lack  of  experience  with  Ihe  use  ol 
Xopenex  Inhalation  Solution  by  nursing  mothers,  a  decision  shouk)  be  made  whether  to  discontinue  nursing  or  to  disconbnue  the  dmg.  taking  into  account 
Ihe  importance  ol  ihe  diug  to  the  mother  Caution  should  be  exercised  when  Xopenex  inhalation  Solution  is  administered  to  a  nursmg  woman 
Pediatrics  The  safety  and  efficacy  ol  Xopenex  (levatbuierol  HC(|  Inhalabon  Solution  have  been  established  m  pediatric  patients  6  years  of  age  and  older  m  one 
adequate  and  weil-controiied  clmical  inal.  Use  of  Xopenex  in  children  is  also  supported  by  evidence  from  adequate  and  well-controlleo  studies  o(  Xopenex  m 
adults,  considenng  that  the  pathophysiology  and  the  drugs's  exposure  level  and  effects  in  pediatnc  and  adult  patients  are  substanhaily  similar  Salety  and 
etfecbveness  of  Xopenex  m  pedialnc  palienis  below  Ihe  age  ol  6  years  \\i'ii  not  been  established. 

Geriatrio  Data  on  the  use  of  Xopenex  in  pabents  65  years  of  age  and  older  are  very  limited  A  very  small  number  of  palienis  55  years  ol  age  and  older  were 
treated  with  Xopenex  Inhalation  Solution  m  a  4-iveek  clinical  study  (n=2  for  0.63  mg  and  n  J  for  1 .25  mg)  In  these  pabents,  bronchodiiation  was  observed 
after  ihe  firsi  dose  on  day  1  and  after  4  weeks  ol  ireatmeni  There  are  insufficient  data  to  delermme  if  the  safety  and  efficacy  of  Xopenex  Inhaiabon  Solution 
are  4itic'^it  >"  riaiionK ,  f,^  v»ais  ot  age  and  patients  65  years  of  age  and  older  In  general,  patients  65  years  of  age  and  older  shoukJ  be  started  at  a  dose  ol 
06."-  ■ '  .  ■  ■  ■  -  Solution  II  clinically  warranted  due  to  insufficienl  Oronchodiialor  response  the  dose  ol  Xopenex  inhalation  Solubon  may  be 
inc  ■-,■  ■    ■■  n.  loieraled,  m  coniundion  vflth  Iregueni  clinical  and  laboratory  monitoring,  to  the  maximum  recommended  daify  dose 

ADVERSE  HEACIIONS  lAdutls  and  Adolescents  >12  ifears  old):  Adverse  events  reported  in  1 2^«  ot  pabents  receiving  Xopenex  inhalabon  Solubon  or 
racemic  aibuieioi  and  morefrequenSy  than  in  patients  receiving  placebo  m  a  4-we«  controlled  clinical  tnal  are  listed  m  Table  1 


Table  1:  Adverse  Events  Reported  in  a  4-Week,  Controlled  Clinical  Trial  in  Adults  and  Adolesenls .  12  yean  ol 

Percent  of  Pabents 


B«t(Sysltrn 

Ptotio 

Xopenex  125^9 

Xooene«063mg 

Raceme  albulerol  2  5  mg 

PrefertrtTemi 

m:;5l 

(n=73l 

10=721 

ln=74i 

BodyasaWiion 

Metgicrwon 

13 

0 

0 

2? 

Rusytmrome 

0 

1.4 

n 

27 

Actilenyin|u7 

0 

27 

0 

0 

Pain 

IJ 

\A 

2.8 

27 

Back  pain 

0 

0 

0 

27 

Cjri)»vaiai6iS(Slein 

Tacnycardia 

0 

2,7 

2J 

27 

MiQuiie 

0 

11 

0 

0 

O^lMSyslm 

Oysptiisa 

U 

V 

1.4 

1,4 

MusculosMMSyJlm 

Leg  cramps 

u 

27 

0 

14 

CtntralKtMiis  System 

Dimness 

\i 

27 

1.4 

0 

Hypeitonia 

0 

0 

0 

27 

Nervousness 

0 

9.6 

n 

81 

Tiemoi 

0 

6.8 

0 

27 

Aiuiely 

0 

U 

0 

0 

RespifaloivSyslem 

Cmgli  inorease* 

11 

4.1 

1.4 

27 

Inlectionnral 

9.3 

12.3 

6.9 

122 

Rhinitis 

27 

27 

11.1 

68 

Sinuste 

27 

14 

4,2 

27 

TuiOinate  edema 

0 

14 

2S 

0 

The  incidence  of  certain  systemic  beta-adrenergic  adverse  etlecls  (e  g ,  tremor,  nervousness)  was  slightly  less  m  the  Xopenex  0  63  mg  group  as  compared 
10  the  other  aclive  treatmenl  groups  The  clinical  significance  of  these  small  differences  is  unknown  Changes  m  heart  rale  15  minutes  after  drug 
admmistrabon  and  in  plasma  glucose  and  potassium  one  hour  after  drug  admmistrabon  on  day  1  and  day  29  were  clinically  comparable  m  the  Xopenex  1 .25 

mg  and  the  racemic  albuterol  2  5  mg  groups  isee  Table  2i  Chaiges  m  fieai  'ale  ir-t  oiasma  gixose  were  slightt^  less  m  the  Xopenex  0  63  mg  group 

compaiec!'.  "■  ■"'■;-.-■■:'  --■:■..:.  .-Table?  "'-.■:;:;"'  r.:  :'"r/:^i  -.''■■:'  .-.  : .  ■'...'  i^-r' J  .'veeks  ^fects  on  heart 
rale.pia:- ;  .....  ■-  .■■-.■.■.■.■.■_ 

Table  2:  Mean  Changes  irom  Baseline  m  Heart  Rale  ai  15  Minules  and  in  Glucose  and  Polassium  ai  1  Hour  alter  Firsi  Dose  (Day  1)  in  Adults  and 
Adolescents  i12  years  old 

MejrCnj'^Qesifla,  i| 


Tieaiment 

Head  Rate  Ibpmi 

j.coseimaOLi 

Potassium  ImtdiLI 

Xopenex  0  63  mg,  0=72 
Xo(«oeil25nig,o=73 
Racemic  altliltBrol  2  5  mg,  0:74 
PScebo,n=75 

24 
69 
57 
-28 

46 
103 
U 

-02 
-03 
-03 
-02 

No  Other  clinically  relevant  laboratory  abnormaimes  related  to  administrahon  ol  Xopenex  Inhalabon  SoluBon  were  observed  in  this  study  In  the  clincai  irdK 
a  slightly  greater  number  ol  serious  adverse  events,  disconbnualions  due  to  adverse  events,  and  dimcaily  signilicanl  ECG  changes  were  reported  m  pabents 
who  receded  Xopenex  1 .25  mg  compared  to  the  other  active  treatment  groups  The  following  adverse  e^fents,  considered  polenbaliy  related  to  Xopeno. 
occurred  m  less  than  2%  of  the  292  suOiects  who  received  Xopenex  ano  more  frequently  th^  m  pabents  who  received  placebo  in  any  clinical  tnal. 
Body  as  a  Whole.  chilis,  pain,  chest  pain 

Cardiovascular  System'  ECGabnormal,  ECG  change,  hypertension,  hypoiension,  syncope 

Digestive  System.  diarrhea,  dry  mouth,  dry  throat  dyspepsia,  gastroenlentis.  nausea 

Hemic  and  Lymphatic  System  lymphadenopathy 

Musculoskeletal  System  leg  cramps,  myalgia 

Nervous  System  anxiety,  hypesthesia  of  the  hand,  insomnia,  paresthesia,  tremor 

Special  Senses  eye  itch 

The  loliowing  events,  considered  pofenbaliy  related  lo  Xopenex,  oaurred  m  less  than  ?i«  ol  Ihe  treated  subjects  but  at  a  liequency  less  than  m  pabenB  wTio 
received  placebo  asthma  exacerbation  cough  increased  wheezmg.  sweating,  and  vomibng 

ADVERSE  REACTIONS  (Children  6 -11  years  old)  iJ,^'S':,-'^Te:iO'tedin2  2°i  of  pabenlsinarr/Ireaimen; group  and  more  Ireguentt.  than  in  pabents 
recervinQfi  -■  ■    .  "■  ..■-      "  -;    "  ■ " :  •■'-  ':-.:  "TatileS 

Table  3:  Most  Frequently  Reported  Adverse  Events  1 . 2"°  in  Any  Treatmenl  Group]  and  More  Frequently  Tlian  Placebo  Dunng  Ihe  Double-Blind  Penod 
(ITT  Population.  6 -11  Years  Oldl 

Percent  ol  Pabents 


Body  System 

Placebo 

Xopenex  0,31  mg 

Xopenex  0  63  mg 

Raceme  albuterol  125  mo 

Racsmic  albuterol  25  mg 

PieterredTemi 

10=691 

10=661 

(n.671 

(n=6)l 

:n=601 

BcrtyasaWnole 

Abdominal  pain 

34 

0 

15 

11 

67 

Aaidenliiniiiry 

34 

61 

4,5 

31 

50 

Aslhena 

0 

10 

30 

16 

17 

Fever 

51 

91 

3,0 

16 

67 

Headache 

85 

76 

119 

94 

13 

Pain 

34 

10 

15 

47 

67 

Viiai  infection 

51 

7,6 

90 

47 

8,3 

Digestn*  System 

0«rrliea 

0 

1,5 

6,0 

16 

0 

Hemic  and  Lymptiatt 

Lymphadenopattiy 

0 

3.0 

0 

16 

0 

Musculoskeletal  System 

Myalga 

0 

0 

15 

16 

33 

Respiratory  System 

Astlima 

61 

9.1 

9,0 

6,3 

100 

Pliaryogitis 

6,8 

3,0 

104 

0 

67 

Rtimte 

17 

6,1 

104 

31 

50 

Sta  and  Appendages 

Eczema 

0 

0 

0 

0 

33 

Rasli 

0 

0 

7,5 

1,6 

0 

Urtcara 

0 

0 

30 

0 

0 

Specoi  Senses 

Otitis  Meda 

17 

0 

0 

0 

33 

Note  Subiects  may  have  more  ihan  one  adverse  event  per  body  syslem  and  preten-ed  term  Ctiangcs  m  heart  rate,  plasma  glucose,  and  senjm  potassmm 

m  shown  m  Table  4  The  :iinirai  sionitonce  of  Ihese  small  differences  is  unknown 

Table  4  Mean  Changes  Irom  Baseline  in  Heart  Rale  al  30  Minutes  and  in  Glucose  and  Polassium  al  1  Hour  itler  Pint  Dose  (Day  1 1  and  tasi  Dose 

(Day  21|in  Children  6-11  years  old 

Mean  Changes  iDai'  1 1 


Trealmeni 

HeaitRaleibpmi 

Glucose  1  modi 

PotasstumimEoli 

Xo£«oex031mg,n=66 
XoKnex063mg,n:67 
Racenwibuteroll25mgn.64 
Racemt  albulerol  2  5  mg,n=60 
P6cebo,n=59 

0,8 
6,7 
64 
109 
-18 

49 
il 
80 
10,8 

06 

-«,36 

-0« 

-005 

Mean  cnanoesiDat  211 

Treatmenl 

HeanRateiPpml 

Sixoseimo'dli 

PotassiamiroEatl 

Xopenex  0  31  mgn=60 
Xopenex  0  63  mg,n=66 
Racemic  albulerol  1, 25  mg,n=62 
Raceme  albulerol  25  nij.n=54 
Piacelw,  n=S5 

0 

38 
58 

57 
-17 

26 
58 

17 
11! 
11 

^132 
-034 
-018 
-026 
-004 
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The  future  of  asthma  reUef  is  here. 


Put  asthma  control  in  the  pahn  of  their  hands. 

Omron's  laiest  advancements  in  nebulizaiion  will  change  the  way 
your  patients  think — and  breathe. 

Introducing  the  technologically  advanced  Omron  Micro  Air* 
Vibrating  Mesh  Nebulizer.  The  ideal  nebulizer  for  patients  who  need 
instant  respiratory  relief  anytime,  anyplace. 

Using  exclusive  Vibrating  Mesh  Technology  (VMT),  this 
revolutionar)'  compact  and  portable  nebulizer  enables  a 
c|uicker  dispensation  of  medication  and  leaves  less  -« 

residual  \olume. 

Its  smaller,  portable  size  and  virtually  silent  operation 
encourage  compliance  to  medical  requirements  which 
results  in  greater  control  over  your  patients' 
respiraioiy  conditions.  And  unlike  traditional 
MDI  devices,  no  special  coordination  of 
breathing  or  spacer  devices  is  required. 

They'll  breathe  easier.  And  so  can  you. 


^Mic    fl/caMirc    y  Jj    I  Jour  -Lite. 


omRon. 


©2002  OMRON  Healthcare,  In 
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Blood  Pressure  Monitors     •     Diagnostics     •     Respirator^'  Nebulizers     •     Thermometers 

Omron  Pro\idcrs  of  e-\teplional  heallhiarc  |iriidut.ls  lor  home  and  professional  use 

www  onironhcalthcarc.com 
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correlation  between  inhaled  NO  during  H 1  and  exhaled  NO  during  A 1  ui 
the  change  in  Pao:  from  HI  to  A 1.  CONCLUSIONS.  Low-level  NO  con- 
tamination improves  Pjq,  in  patients  with  ALl  and  following  LT.\. 

Hiyh  \  allies  of  the  Piilmonarj  .\rten  Wi-ciye  PreNMire  in  Patients 
"ith  Acute  l.uii};  Iiijur\  and  Acute  RespiratorN  Distres.s  .Suidninie — 

Ferguson  ND.  Meade  MO.  Halleit  DC.  Stewart  TE.  intensive  Care  Med 
2002  Aug;2S( Si:  1073-1077. 

OBJECTIVE.  To  detemiine  the  incidence  and  severily  ol  pulmonary 
artery  wedge  pressure  (PAWP)  elevation  in  patients  with  ALI/ARDS.  In 
addition,  to  examine  the  effects  of  clinical  variables  on  the  presence  of  a 
high  PAWPolS  mm  Hgland  the  effect  of  an  elevated  PAWP  on  monal- 
ity.  DESIGN  AND  PATIENTS.  Post  hoc  analysis  of  120  patients  with  or 
at  high  risk  of  .-VRDS.  enrolled  in  a  randomized  controlled  trial  of  pres- 
sure- and  volume-limited  ventilation.  Patients  with  or  at  high  risk  of  con- 
gestive heart  failure  were  excluded  from  the  original  study.  SETTING. 
Eight  tertiary  intensive  care  units.  MEASUREMENTS  AND  RESULTS. 
Pultiionary  artery  catheters  were  inserted  at  the  discretion  of  the  attending 
physician,  and  PAWP  was  collected  every  8  h  when  present.  Of  1 20  sub- 
jects 71  (59''/?^)  had  a  pulmonary  artery  catheter  (44  at  randomization.  27 
later).  The  mean  maximum  PAWP  reading  among  patients  was  22.5  mm 


Hgiy.i',.  CI  21.2-23.Sl  and  mean  median  was  16.6  mm  Hg  (95%  CI  15.6- 
17.51.  Patients  who  met  standard  criteria  for  ARDS  were  more  likely  to 
develop  a  high  PAWP.  In  a  multivariate  stepwise  logistic  regression 
model  a  persistently  elevated  PAWP  (median  >18  mm  Hgl  was  a  strong 
predictor  of  mortality  after  correction  for  baseline  differences  (OR  esti- 
mate 6.82;  95'r  CI  1.66-37.81).  CONCLUSIONS.  We  conclude  that  in 
this  group  of  patients  a  PAWP  higher  than  18  mm  Hg  is  common.  Man- 
dating a  PAWP  of  IS  mm  Hg  or  less  may  negatively  impact  clinical  trials 
in  w  hich  .ARDS  is  an  inclusion/exclusion  criteria  or  an  endpoint. 

Influence  of  Respiratory  Rate  on  Ga.s  Trapping  During  Low  Volume 
Ventilation  of  Patients  with  Acute  Lung  Injury — Richard  JC. 
Brochaid  L.  Breton  L.  Aboab  J,  Vandelet  P.  Tamion  F.  et  al.  Intensive 
Care  Med  2002  Aug;28(8l:1078-1083. 

OBJECTIVE.  Reduction  in  tidal  volume  ( V,)  associated  with  increase  in 
respiratory  rate  to  limit  hypercapnia  is  now  proposed  in  patients  with 
acute  lung  injury  (ALI).  The  aim  of  this  study  was  to  test  whether  a  high 
respiratory  rate  induces  significant  intrinsic  positive  end-expiratory 
pressure  (PEEPi)  in  these  patients.  DESIGN.  Prospective  crossover 
study.  SETTING.  A  medical  intensive  care  unit.  INTERVENTIONS 
AND  MEASUREMENTS.  Ten  consecutive  patients  fulfilling  criteria 
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for  severe  ALI  were  \enlilaleil  vvilh  a  6  mL/kg  V,.  a  total  PEEP  level  at 
I3±3  cm  H:0  and  a  plateau  pressure  kepi  at  23±4  cm  H:0.  The  respira- 
tory rate  was  randomly  set  below  20  hreaths/min  ( I7±3  breaths/miiil  and 
increased  to  30  breaths/min  {30+3  breaths/min)  to  compensate  for  hyper- 
capnia.  External  PEEP  was  adjusted  to  keep  the  total  PEEP  and  the 
plateau  pressure  constant.  PEEPi  was  computed  as  the  difference 
between  total  PEEP  and  external  PEEP.  The  lung  volume  retained  by 
PEEPi  was  then  measured.  RESULTS.  Increase  in  respiratory  rate 
resulted  in  sigmlicantly  higher  PEEPi  (1.3±0.4  versus  3.9±l.l  cm  H:0. 
p<O.OI)  and  trapped  volume  (70143  versus  244+127  mL.  p<0.0l). 
External  PEEP  needed  to  be  reduced  from  1 1.9+3.4  to  9.712.9  cm  H:0 
(p<0.01).  Pao-)  was  not  affected  but  the  alveolar-arterial  oxygen  tension 
difference  slightly  worsened  with  the  high  respiratory  rate  (p<0.05). 
CONCLUSIONS.  An  increase  in  respiratory  rate  used  to  avoid  Vi  reduc- 
tion-induced hypercapnia  may  induce  substantial  gas  trapping  and 
PEEPI  in  patients  with  ALI. 

Influence  of  Inspiration:Expiration  Ratio  on  Intracranial  and  Cere- 
bral Perfusion  Pressure  in  ,\cute  Stroke  Patients — Georgiadis  D. 
Schwarz  S,  Kollmar  R.  Baunigartner  RW.  Schwab  S.  Intensive  Care  Med 
2002  Aug;28(8):l()S9-1093. 

OBJECTIVE.  We  undertook  this  study  to  e\aluale  the  intluence  of  the 
inspiratiomexpiration  (I:E)  ratio  on  intracranial  pressure  and  cerebral  per- 
fusion in  patients  with  acute  stroke.  DESIGN.  Ventilated  patients  with 
acute  stroke  were  examined  under  a  protocol  involving  variations  of  I:E 
ratio  from  1  ;2  to  1 : 1  to  1 :2  under  positive  end-expiratory  pressure  (PEEP) 
of  5.3  and  -  subsequently  -  10.6  cm  H^O.  Intracranial  pressure  was  moni- 
tored with  parenchymal  or  ventricular  catheters.  Mean  arterial  blood 
pressure,  intracranial  pressure  (ICP).  heart  rate  and  peak  mean  flow 
velocity  of  the  middle  cerebral  arteries  were  continuously  recorded.  SET- 
TING. Neurological  intensive  care  unit.  PATIENTS.  A  total  of  45  moni- 
toring sessions  were  performed  in  16  patients  (subarachnoid  haemorrhage 
3,  i.schemic  stroke  13 1.  RESULTS.  No  significant  changes  in  any  of  the 
parameters  monitored  were  evident  in  association  with  the  I:E  ratio  varia- 
tions under  either  of  the  PEEP  levels  applied.  It  must  be  noted,  though, 
that  ICP  exceeded  15  mm  Hg  ui  only  5/45  monitoring  sessions,  and  never 
exceeded  20  mm  Hg.  CONCLUSIONS.  Our  preliminary  results  suggest 
that  variations  of  the  I:E  ratio  cause  no  significant  changes  in  intracranial 
or  cerebral  perfusion  pressure  and.  thus,  can  be  safely  used  in  patients 
with  acute  stroke  without  intracranial  hypertension.  The  influence  of  I:E 
ratio  variations  on  stroke  patients  with  intracranial  hypertension  remains 
to  be  evaluated. 

Oxygenation  Index,  an  Indicator  of  Optimal  Distending  Pressure 
During  High-Irequencv  Oscillator)  \  entilution? — Van  Gendcnngen 
HR.  Van  Vught  JA,  Jansen  JR.  Duval  EL.  Markhorst  DG.  Verspnlle  A. 
Intensive  Care  Med  2002  Aug;2S(  S ):  1 1 5 1  ■  1 1 56. 

OBJECTIVE.  To  test  the  hypothesis  that,  during  high-frequency  oscilla- 
tory ventilation  (HFOV)  of  pigs  with  acute  lung  injury,  the  oxygenation 
index  (Ol  =  Pawx  Fio-.xlOO/  Pjo^)  i^  minimal  at  the  lowest  continuous 
distending  pressure  (Pa»l.  where  the  physiological  shunt  fraction  is  below 
0.1  (Paw.opiimal)-  DESIGN  AND  SETTING.  Prospective,  observational 
study  in  a  university  research  laboratory.  SUBJECTS.  Eight  Yorkshire 
pigs  weighing  12.0  ±0.5  kg.  with  lung  injury  induced  by  lung  lavage. 
INTERVENTIONS.  After  initiation  of  HFOV.  the  pigs  were  subjected  to 
a  stepwise  increase  of  Pa«  to  obtain  under-intlation.  optimal  intlation  and 
over-distension  of  the  lungs  (inllalion)  in  series,  followed  by  a  similar 
decrease  of  Pa„  (deflation).  MEASUREMENTS  AND  RESULTS.  At 
each  Paw  level,  the  01  and  physiological  shunt  fraction  were  determined 
The  01  reached  a  minimum  of  6.2  ±1.4  at  P;,n  30  14  cm  HiO  during  inlhi 
tion  and  a  minimum  of  2.4  K).3  at  Paw  13  ±2  cm  H20  during  detJation. 
Paw.ophnui  was  32  ±6  cmH:0  on  the  inllalion  limb  and  14  ±2  cm  H:0  on 
the  deflation  limb.  The  difference  between  the  P,,„  at  minimal  Ol  and 
Paw.optimai  was  -1.9  1  4.2  ciii  HiO  (NS|  during  inllation  and  -1.5  ±  1.6  cm 


H:0  (  p<0.05)  during  detlation.  In  15  out  of  the  16  comparisons,  the  dif- 
ference in  P,,„  was  within  one  step  (±  3  cm  H;Ol.  CONCLUSION.  The 
minimal  01  is  indicative  for  the  P.,u  where  oxygenation  is  optimal  during 
HFOV  in  surfactant-depleted  pigs. 

More  Reliable  Oximetry  Reduces  the  Frequency  of  Arterial  Blood 
(las  .\nalyses  and  Hastens  Oxygen  Weaning  After  Cardiac  Surgery: 
A  Prospective.  Randomized  Trial  of  the  Clinical  Impact  of  a  New 

Technology— Durbm  CG  Jr.  Rosiow  SK,  Crit  Care  .Med  2002 
Aug;30(8l:l735-174(). 

OBJECTIVE:  Evaluation  of  the  impact  on  clinical  care  of  improved, 
innovative  oximetry  technology.  DESIGN:  Randomized,  prospective 
trial.  SETTING:  Postcardiac  surgery  intensive  care  unit  in  a  major  teach- 
ing hospital.  PATIENTS:  A  total  of  86  patients  after  undergoing  coronary 
artery  bypass  surgery.  INTERVENTIONS:  All  patients  were  monitored 
with  two  oximeters,  one  employing  conventional  oximetry  (conventional 
pulse  oximeter.  CPO)  and  one  using  an  impnned  innovative  technology 
(innovative  pulse  oximeter.  IPO),  on  different  lingers  of  the  same  hand. 
The  outputs  from  both  devices  were  collected  continuously  by  computer, 
but  only  one  device  was  randomly  selected  and  displayed  for  clinicians. 
MEASUREMENTS  AND  MAIN  RESULTS:  The  amount  and  percent- 
age of  nonfunctional  monitoring  time  was  collected  and  found  to  be  much 
greater  for  the  CPO  than  the  IPO  (8.7%  ±  16.4%  for  CPO  vs.  1.2%  ± 
3.3%  for  IPO.  p  =0.000256).  Time  to  extubation  was  not  different 
between  the  two  groups  (634  ±  328  mins  for  IPO  vs.  706  ±  459  mins  for 
CPO).  Clinicians  managing  patients  with  the  more  reliable  IPO  weaned 
patients  faster  to  an  Fio;  of  0.40  (1 76  ±  1 1 1  mins  for  IPO  vs.  348  ±  425 
mins  for  CPO.  p  =0.0125),  obtained  fewer  arterial  blood  gas  measure- 
ments (2.7  1  1.2  for  IPO  vs.  4,1  ±  1.6  for  CPO.  p  =0.000015),  and  made 
the  same  number  of  ventilator  changes  during  this  weaning  process  (2,9  ± 
1.2  for  IPO  vs.  2,9  ±  1.7  for  CPO),  CONCLUSIONS:  Provision  of  more 
reliable  oximetry  allows  caregivers  to  act  in  a  more  efficient  and  cost- 
effective  manner  in  regard  to  oxygen  weaning  and  use  of  arterial  blood 
gas  measurements.  Investigating  the  effect  of  a  monitor  on  the  process  of 
care,  rather  than  simply  its  accuracy  and  precision,  is  a  useful,  relevant 
paradigm  for  evaluating  the  value  and  impact  of  a  new  technology. 

Air  Cysts  and  Bronchiectasis  Prevail  in  Nondependent  Areas  in 
Severe  Acute  Respiratory  Distress  Syndrome:  \  Computed  Tomo- 
graphic Study  of  Ventilator-Associated  Changes — Treggiari  MM. 
Romand  JA,  Martin  JB,  Suter  PM.  Crit  Care  Med  2002  Aug:30(81:1747- 
1752. 

OBJECTIVE:  To  investigate  prevalence  and  spalial  distribution  of  air 
cysts  and  bronchiectasis  associated  with  mechanical  ventilation  in 
patients  with  severe  acute  respiratory  distress  syndrome.  DESIGN:  Ret- 
rospective observational  study.  SETTING:  University  hospital  intensive 
care  division.  SUBJECTS:  A  total  of  21  patients  with  severe  acute  respi- 
ratory distress  syndrome  requiring  prolonged  mechanical  ventilation  and 
undergoing  thoracic  computed  toinographic  scanning.  MEASURE- 
MENTS AND  MAIN  RESULTS:  Lung  fields  were  anatomically  divided 
according  to  functional  bronchial  divisions  in  ten  segments  on  each  side. 
Air  cysts,  bronchiectasis,  and  the  percentage  of  normal  and  abnormal  tis- 
sue were  quantified  for  each  segment  and  correlated  to  the  duration  and 
variables  of  mechanical  ventilation.  Air  cysts  prevailed  in  nondependent 
compared  with  dependent  areas  (38%  ±  5%  vs.  9%  ±  3%,  respectively;  p 
<0.0I).  With  mechanical  ventilation  longer  than  10  days,  the  odds  ratio 
was  13,1  (95%  confidence  interval,  1.4-118.7)  for  air  cysts  and  for 
bronchiectasis  17.6  (95%  confidence  interval.  2,8-109,6),  The  amount  of 
:ibnornial  parenchyma  correlated  with  duration  of  mechanical  ventilation 
on  high  end-inspiratory  pressure  but  not  with  tidal  volume  or  minute  ven- 
tilation. The  presence  of  pneumothorax  was  not  correlated  with  ventila- 
tion settings  but  with  the  amount  of  consolidated  tissue  revealed  bv  the 
computed  tomographic  scan,  CONCLUSIONS:  These  findings  suggest 
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predominant  ventilator-induced  lung  damage  in  better  ventilated  areas 
(i.e.,  nondependent  regions).  Severity  of  changes  revealed  by  computed 
tomographic  imaging  seems  to  be  associated  mainly  with  the  high  inspi- 
rators pressures  reL|uired  and  the  length  ol'  iiiech;inical  \enlilalion. 

Repeated  Derecruitmeiits  .\ccentuate  I.unj;  Injury  During  Mechani- 
cal \  entilation— Siih  CiV.  Koh  "> ,  Chung  MP,  .An  Cll,  Kini  11,  Jang  W  Y, 
el  al.  Cril  Care  Med  2002  .Aug;30(S):  1S4S-1S53. 

OBJECTIVE:  This  study  was  performed  to  test  the  hypothesis  that  dere- 
cruitment  itself  might  accentuate  lung  injury  during  mechanical  ventila- 
tion, SETTING:  Randomized,  controlled  trial.  SETTING:  Experimental 
laboratory.  SUBJECTS:  New  Zealand  White  rabbits  (2,8-3,5  kg), 
INTERVENTION:  Twenty-four  rabbits  were  ventilated  in  pressure-con- 
trolled mode  with  constant  tidal  volume  (10  niL/kg).  After  lung  injury 
was  induced  by  repeated  saline  lavage  (Pjo,  <1(X)  torr,  13.3  kPal,  a  pres- 
sure-volume curve  was  drawn  to  calculate  the  lower  inflection  point 
(Pflcv).  and  randomization  was  done.  The  control  group  (n  =  8)  received 
ventilation  with  positive  end-expiratory  pressure  (PEEP)  fixed  at  Pui-,  for 
3  hrs.  The  nonderecruitment  group  (n  =  8)  was  ventilated  at  PEEP  of  2 
mm  Hg  (2,7  cm  H^O)  for  the  initial  hour  and  then  PEEP  of  Pnex  for  the 
remaining  2  hrs.  The  derecruitment  group  (n  =  8)  was  ventilated  for  3  hrs 
with  six  30-min  cycles  consisting  of  10  mins  at  PEEP  of  2  mm  Hg  (2.7 
cm  HiO)  and  20  mins  at  PEEP  of  Pnox  to  induce  repeated  derecruitments, 
MEASUREMENTS  AND  MAIN  RESULTS:  Variables  of  gas  exchange, 
mechanics,  and  hemodynamics  were  measured,  and  histologic  evaluation 
was  done.  In  the  control  group,  P^o;  remained  >5(J0  torr  (66.7  kPa)  for  3 
hrs.  In  the  nonderecruitment  group,  Paoi  was  40  ±  16  (mean  ±  SD)  torr 
(5,3  ±  2,1  kPa)  at  1  hr  but  increased  to  >500  torr  (66,7  kPa)  for  the 
remaining  2  hrs  after  increase  in  PEEP  to  Pnex-  In  the  derecruitment 
group,  there  was  progressive  decline  in  PaOi  with  each  derecruitment  to 
220  ±  130  torr  (29.3  ±  17.3  kPal  at  3  hrs  (p  <0.05  compared  with  other 
groups).  Histologically  there  was  more  hyaline  membrane  formation  in 
the  derecruitment  group  compared  with  control  (p  <0.05)  and  signifi- 
cantly higher  mean  bronchiolar  injury  score  in  the  derecruitment  group 
( 1,92  ±  0.78)  than  both  control  (0.50  ±  0.50)  and  nonderecruitment  (0.78 
±  0.42)  groups  (p  <0,05).  CONCLUSION:  Repeated  derecruitments  can 
accentuate  lung  injury  during  mechanical  ventilation. 

Local  \\  armint;  and  Insertion  of  Peripheral  \'cnous  Cannulas:  Sin- 
gle Blinded  Prospective  Randomised  Controlled  Trial  and  Single 
Blinded  Randomised  Crossover  Trial — Lenhardi  R.  Seybold  T,  Kini- 
berger  O,  Stniser  B,  Sessler  Dl.  BMJ  2()(J2  Aug  24:325(7361  ):409. 

OBJECTIVE:  To  determine  whether  local  warming  of  the  lower  arm  and 
hand  facilitates  peripheral  venous  cannulation.  DESIGN:  Single  blinded 
prospective  randomised  controlled  trial  and  single  blinded  randomised 
crossover  trial.  SETTING:  Neurosurgical  unit  and  haematoiogy  ward  of 
university  hospital.  PARTICIPANTS:  100  neurosurgical  patients  and  40 
patients  with  leukaemia  who  required  chemotherapy.  INTERVEN- 
TIONS: Neurosurgical  patients'  hands  and  forearms  were  covered  for  15 
minutes  with  a  carbon  fibre  heating  mitt.  Patients  were  assigned  ran- 
domly to  active  warming  at  52  degrees  C  or  passive  insulation  ( heater  not 
activated).  The  same  warming  system  was  used  for  10  minutes  in  patients 
with  leukaemia.  They  were  assigned  randomly  to  active  warming  or  pas- 
sive insulation  on  day  I  and  given  alternative  treatment  during  the  subse- 
quent visit,  MAIN  OUTCOME  MEASURES:  PRIMARY:  success  rate 
for  insertion  of  18  gauge  cannula  into  vein  on  back  of  hand.  SEC- 
ONDARY: time  required  for  successful  cannulation.  RESULTS:  In  neu- 
rosurgical patients,  it  look  36  seconds  (95'/f  confidence  interval  31  to  40 
seconds!  to  insert  a  cannula  in  the  active  warming  group  and  62  (50  to  74 1 
seconds  in  the  passive  insulation  group  (p=0.002).  Three  (6'/f)  first 
attempts  failed  in  the  active  warming  group  compared  with  14  (287r)  in 
the  passive  insulation  group  (p=0.008).  The  crossover  study  in  patients 
with  leukaemia  showed  that  insertion  time  was  reduced  by  20  seconds  (8 
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10  32.  p=().013l  with  active  warming  and  that  failure  rates  at  first  attempt 
were  6'*  with  warniinj;  and  M)'/r  with  passive  insulation  (p<().(K)l  I. 
CONCLUSIONS:  Local  warming  facilitates  the  insertion  of  peripheral 
venous  cannulas,  reducing  both  lime  and  number  of  attempts  required. 
This  may  decrease  the  time  staff  spend  inserting  cannulas,  reduce  suppl> 
costs,  and  improve  patient  satisfaction. 

Involuntan  Snicikiny  and  Asdima  ScMTilv  in  Children:  Data  from 
the  Third  National  Health  and  Nutrition  l-Aaminutlon  Survey — Man- 
nino  DM.  Homa  DM.  Redd  SC.  Chest  2002  Aug;122(2):40y-41.'5, 


also  had  an  increased  risk  of  death  (OR.  6.8:  95'7r  CL  3..3  to  I3.X).  When 
adjusted  for  comorbidity  (OR.  O.S;  ^)5'->  CI.  0.5  to  1.2).  long-term  steroid 
use  (OR.  2.8:  959c  CI.  1.6  to  4.9 1.  and  prior  hospitalization  for  COPD 
(OR.  4.5:  95'/r  CL  2.2  to  9.2).  patients  havmg  baseline  SOLDQ  physical 
function  scores  in  the  lowest  quartile  had  an  odds  of  hospitalization  for 
COPD  that  was  fivefold  higher  than  patients  with  scores  in  the  highest 
quartile  (OR.  5.0:  95%  CL  2.6  to  9.7).  CONCLUSIONS:  Lower  QOL  is  a 
powerful  predictor  of  hospitalization  and  all-cause  mortality.  Brief,  self- 
adininistered  instruments  such  as  the  SOLDO  niay  provide  an  opportu- 
nily  lo  idcniily  palienis  who  could  benefit  Ironi  preventive  interventions. 


STUDY  OBJECTIVES:  We  sought  to  determine  the  indicators  of  asthma 
severity  among  children  in  the  United  States  with  high  and  low  levels  of 
tobacco  smoke  exposure.  DESIGN:  Cross-sectional  study.  SETTING: 
Nationally  representative  survey  of  participants  in  the  Third  National 
Health  and  Nutrition  E.\amination  Survey  (from  1988  to  1994).  PARTIC- 
IPANTS; Hi\e  hundred  twenty-three  children  with  physician-diagnosed 
asthma.  MEASUREMENTS  AND  RESULTS;  We  stratified  the  study 
participants  into  tertiles  on  the  basis  of  serum  levels  of  cotinine  (a 
metabolite  of  nicotine  that  indicates  tobacco  smoke  exposure).  We  used 
logistic  and  linear  regression  modeling,  adjusting  for  known  covariates. 
to  determine  the  effect  of  high  environmental  tobacco  smoke  exposure  on 
the  following  outcomes:  asthma  severity  (determined  using  reported 
symptom  and  respiratory  illness  frequency):  lung  function:  physician  vis- 
its: and  school  absence.  Among  our  study  sample.  78.69'r  of  children  had 
mild  asthma.  6.8%  of  children  had  moderate  asthma,  and  14.6%  of  chil- 
dren had  severe  asthma.  Asthmatic  children  with  high  levels  of  smoke 
exposure,  compared  with  those  with  low  levels  of  exposure,  were  more 
likely  to  have  moderate  or  severe  asthma  (odds  ratio.  2.7  95%  confidence 
interval  [CI].  1.1  to  6.8)  and  decreased  lung  function,  with  a  mean  FEV| 
decrement  of  213  mL  or  8.1%  (95%  CI.  -14.7  to  -3.5).  CONCLUSIONS: 
Involuntary  smoke  exposure  is  associated  with  increased  asthma  severity 
and  worsened  lung  function  in  a  nationally  representative  group  of  US 
children  with  asthma. 

Using  Quality  of  Life  lo  Predict  Hospitalization  and  Mortality  in 
Patients  with  Obstructive  Lung  Diseases — Fan  VS.  Cunis  JR.  Tu  SP. 
McDonell  .MB.  Fihn  SD;  .Amhulalorv  Care  Quality  Improvement  Project 
Investigators.  Chest  2()(>2  Aug:  1 22l  2 1:429-436. 

STUDY  OBJECTIVES:  Condition-specific  measures  of  quality  of  life 
(QOL)  for  patients  with  COPD  have  been  demonstrated  lo  be  highly  reli- 
able and  valid,  but  they  have  not  conclusively  been  shown  to  predict  hos- 
pitalization or  death.  OBJECTIVE:  We  sought  to  determine  whether  a 
brief,  self-administered.  COPD-specific  QOL  measure,  the  Seattle 
Obstructive  Lung  Disease  Questionnaire  (SOLDQ)).  could  accurately  pre- 
dict hospitalizations  and  death.  DESIGN:  Prospective  cohort  study.  SET- 
TING: Patients  enrolled  in  the  primary  care  clinics  at  seven  Department 
of  Veterans  Affairs  (VA)  medical  centers  participating  in  the  Ambulatory 
Care  Quality  Improvement  Project.  PATIENTS:  Of  24.458  patients  who 
completed  a  health  inventory.  5.503  reported  having  chronic  lung  dis- 
ease. The  3.282  patients  who  completed  the  baseline  SOLDQ  were  fol- 
lowed for  12  months.  MEASflREMENTS:  Hospitalization  and  all-cause 
mortalit)  during  the  l->ear  follow-up  period.  RESULTS:  During  the  fol- 
low-up period.  601  patients  (18.3%)  were  hospitalized.  141  (4.3%)  for 
COPD  exacerbations,  and  167  patients  (5.1%)  died.  Alter  adjusting  for 
age.  VA  hospital  site,  distance  to  the  VA  hospital,  employment  status, 
and  smoking  status,  the  relative  risk  of  any  hospitalization  among 
patients  with  scores  on  the  emotional,  physical,  and  coping  skills  scales 
of  the  SOLDQ  that  were  in  the  lowest  quartile.  when  compared  lo  the 
highest  quartile.  were  2.0  (95%  confidence  interval  |CI|.  1.5  to  2.6).  2.5 
(95%  CI.  1.9  to  3.4).  and  1.9  (95%  CI.  1.5  to  2.5).  respectively.  When 
hospitalizations  were  restricted  to  those  specifically  for  COPD.  the  odds 
ratio  (OR)  for  the  lowest  quartile  of  physical  function  was  6.0  (95'r  CI. 
3.1  to  1  1.5).  Similarly,  patients  in  the  lowest  quartile  of  physical  function 


Kelillable  ()\>nen  Cylinders  May  Be  an  Alternative  for  .Ambulatory 
t)\)gen  Therapy  in  COPD — Cu\elier  A,  .Muir  JF.  Chakroun  N,  Aboab 
J.  OneaG.  Benhamou  D.  Chest  2002  Aug:  122( 2 ):45 1-4.56. 

STUDY  OBJECTIVES:  To  compare,  in  clinical  conditions,  the  efficacy 
of  refilled  oxygen  cylinders  (0;-HFs)  in  improving  oxygenation  and 
exercise  capacity  of  patients  with  COPD  during  a  6-min  walking  test. 
DESIGN:  Prospective  randomized  study  with  a  cross-over  design.  SET- 
TING: A  university  teaching  hospital.  PATIENTS:  Ten  patients  with 
COPD.  in  a  stable  state  and  previously  treated  w  ith  long-lemi  domiciliary 
oxygen  therapy.  Ba.seline  characteristics  were  as  follows:  age.  65  ±  7 
years:  PjO:  on  room  air.  55.4  ±  6.3  mm  Hg:  Paco;  on  room  air.  46.2  ± 
7.4  mm  Hg;  FEVi/vital  capacity.  47  ±  7%r:  and  FEV;.  30  +  7%-  of  pre- 
dicted value  (mean  ±  SD).  DESIGN:  All  patients  performed  three  suc- 
cessive 6-niin  walking  tests,  the  first  test  in  room  air  and  the  other  tests 
in  a  randomized  order  with  either  a  conventional  oxygen  cylinder  (Oi- 
C)  or  an  0;-HF.  MEASUREMENTS  AND  RESULTS:  The  fraction  of 
inspired  oxygen  (F|o,)  delivered  by  0;-HFs  was  significantly  lower 
than  the  F|o,  delivered  by  OrCs  (94.2  ±  2.6%  vs  98.8  ±  4.9%,  p  = 
0.02).  Mean  0:-HF  and  O^-C  weights  before  the  walking  tests  were 
similar  (3.510  ±251  g  and  3,770  ±  142  g.  respectively:  p  =  0.09).  Mean 
transcutaneous  oxygen  saturation  was  similarly  improved  with  both 
oxygen  delivery  systems.  Mean  distances  with  0;-C  (373.5  ±  81  m)  and 
Oi-HF  (375  ±  97  m)  were  not  different  but  significantly  improved,  as 
compared  with  room  air  (334.5  ±90  m:  p  =  0.03  and  0.02.  respectively). 
Dyspnea  sensations  were  similar  for  the  three  tests.  CONCLUSION: 
0;-HFs  are  as  efficient  as  Oi-Cs  for  performing  short-term  exercises. 
Because  of  a  lower  cost,  pressurizing  units  ma\  be  worthuhile  for 
improving  ambulatory  oxygen  therapy  and  pulmonary  rehabilitation 
programs. 

Effects  of  Training  with  Heliox  and  Noninvasive  Positive  Pre.ssure 
\entiIation  on  Kxercise  ,\bility  in  Patients  with  Severe  COPD — 

JohiisiMi  Jl:.  Gavin  DJ.  Adams-Diamiga  S,  Chest  2002  Aug:122(2):464- 
472. 

STUDY  OBJECTIVES:  We  sought  to  determine  whether  breathing 
heliox  or  using  nasal  noninvasive  positive  pressure  ventilation  (NIPPV) 
would  produce  immediate  improvements  in  exercise  capability  in 
patients  with  COPD.  and  whether  training  for  6  weeks  with  one  of  these 
modalities  would  result  in  greater  exercise  improvement  than  with 
training  unassisted.  SETTING:  US  military  medical  center.  METH- 
ODS: Thirty-nine  patients  with  severe  COPD  (mean  FEVi  of  33.5% 
predicted)  underwent  three  incremental  treadmill  tests  to  exhaustion 
unassisted,  breathing  heliox.  or  breathing  uith  NIPPY.  They  were  then 
randomized  lo  undergo  6  weeks  of  twice-weekly  rehabilitation  with 
unassisted  exercise  training  (UT  group),  training  while  breathing  heliox 
(HT  group),  or  training  while  breathing  with  NIPPV  (NT  group).  The 
three  exercise  tests  were  then  repeated,  RESULTS:  Heliox  treatment 
did  not  produce  any  immediate  benefit  in  exerci.se  time  or  maximum 
wiirkload  in  the  39  patients  initially  tested,  the  32  patients  who  com- 
pleted the  protocol,  or  the  HT  group.  Furthermore,  no  training  advan- 
tage was  evident  in  the  HT  group  (n  =  10)  compared  to  the  UT  group  (n 
=  11).  NIPPV  did  not  produce  an  immediate  benefit  in  the  initial  tests. 
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but  produced  a  small  increase  in  exercise  time  in  the  32  patients  com- 
pletmg  the  protocol  in  the  final  tests.  This  effect  was  primarily  becau.se 
of  the  NT  group,  who  exercised  significantly  longer  (mean  ±  SD.  16.8  ± 
4.9  min  vs  14.2  ±  5.6  min.  p  =  0.0045)  and  to  a  higher  workload  (4.46  ± 
1.55  metabolic  equivalents  [METsJ  vs  4.09  ±  1.75  METs.  respectively; 
p  =  0.038)  when  tested  using  the  ventilator.  Compared  to  the  UT  group. 
the  NT  group  started  out  with  a  lower  exercise  time  (7.9  ±  3.5  min  vs 
12.3  ±  5.2  min.  p  =  0.031 )  in  preliminary  testing,  but  the  statistical  dif- 
ference was  eliminated  in  the  final  tests  ( 14.2  ±  5.6  min  vs  16.0  ±  5.8 
min,  respectively;  p  =  0.451 ).  The  NT  group  actually  slightly  exceeded 
the  UT  group  when  they  used  the  ventilator  in  final  testing,  although 
this  was  not  statistically  significant  ( 16.8  ±  4.9  min  vs  16.0  ±  5.8  min, 
respectively!.  CONCLUSION:  Heliox  treatment  does  not  appear  to 
offer  an  immediate  or  training  advantage  with  exercise  in  patients  u  iih 
COPD.  For  patients  who  have  undergone  regular  exercise  conditioning 
with  NIPPV.  use  of  the  ventilator  produces  an  immediate  improvement 
in  both  exercise  time  and  maximum  workload  attained,  and  it  may  con- 
fer a  training  advantage. 

Teaching  Time  for  Melered-Dose  Inhalers  in  the  Emergency  Set- 
ting— Numala  Y.  Bourbeau  J.  Ernst  P,  Duquette  G,  Schu  art/man  K. 
Chest  :(K)2  Aug;122(2):498-504. 

OBJECTIVES:  In  some  acute-care  settings,  practitioners  are  reluctant  to 
institute  bronchodilator  therapy  with  metered-dose  inhalers  (MDIs)  as 
standard  management.  Such  therapy  requires  that  personnel  ensure  opti- 
mal use  of  these  devices.  We  prospectively  evaluated  the  time  required  to 
teach  patients  correct  inhaler  use  for  the  emergency  treatment  of  asthma 
and  COPD,  and  patient  factors  associated  with  duration  of  teaching. 
DESIGN:  MDI  arm  within  a  single-center  randomized  clinical  trial  com- 
paring bronchodilator  administration  by  MDI  with  a  delivery  enhance- 


ment device  iMDI/DEDi  vs  delivery  by  wet  nebulizer.  SETTING:  All 
subjects  were  treated  for  asthma  or  COPD  exacerbations  at  the  respira- 
tory acute-care  day  hospital  of  the  Montreal  Chest  Institute,  immediately 
after  presentation  to  our  emergency  department.  Inhaler-use  education 
was  pro\ided  according  to  a  predetermined  protocol.  ME.^SURE- 
MENTS:  Subjects'  baseline  characteristics  were  obtained  from  medical 
charts,  spirometry,  and  questionnaires;  satisfaction  was  evaluated  by 
questionnaire.  All  inhaler-use  education  was  observed  and  timed. 
RESULTS:  Sixty-one  patients  with  asthma  (median  age.  46  years)  and  32 
patients  with  COPD  (median  age,  68.5  years)  were  randomized  to  treat- 
ment by  MDl/DED.  Mean  FEV|  (percent  predictedl  was  63.5'yi  for 
patients  with  asthma  and  39.5'/f  for  patients  vsith  COPD.  Five  patients 
could  not  complete  MDI  teaching  and  therefore  received  subsequent 
treatment  by  wet  nebulization.  For  the  88  other  patients,  the  median 
teaching  time  was  6.5  min.  Shorter  teaching-time  requirements  were 
independently  associated  with  higher  initial  arterial  oxygen  saturation, 
home  DED  use  after  previous  MDI  instruction,  and  a  single  initial  bron- 
chodilator treatment  by  wet  nebulization.  Most  subjects  expressed  satis- 
faction with  MDI/DED  teaching  and  treatment.  CONCLUSIONS:  Suc- 
cessful MDI/DED  teaching  followed  by  self-medication  is  feasible  in  the 
emergency  selling,  based  on  a  simple  protocol.  A  single  bronchodilator 
dose  administered  by  wet  nebulization  may  facilitate  subsequent  MDI 
teaching. 

An  lndi\iduall>  Adjustahle  Oral  \ppliaiui'  \s  Ciintinuous  P<>siti\e 
AirHay  Pressure  in  .\lild-lo-.Moderale  Obstructive  Sleep  .\pnea  Syn- 
drome—Randeiath  \\J.  Heise  M.  Hinz  R.  Ruehle  KH.  Chest  2002 

Aug;122(2):569-575. 

BACKGROUND:  For  the  treatment  of  nonsevere  obstructive  sleep  apnea 
syndrome  (OSAS),  mandibular  advancement  devices  (MADs)  are 
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employed  as  an  alternative  to  nasal  conlinuous  positive  airway  pressure 
iCPAP)  therapy.  However,  very  lew  specific  data  on  the  effectiveness  of 
MADs  in  this  group  of  patients  are  a\  ailahle.  We  therefore  compared  an 
indixidually  adjustable  intraoral  sleep  apnea  de\ice  (LSAD)  that  permits 
movements  of  the  lower  jaw  in  three  dimensions,  with  CPAP  in  the  treat- 
ment of  patients  with  an  apnea/hypopnea  inde.\  (AHI)  <  30/h.  METH- 
ODS: In  a  randomized  crossover  study.  16  men  and  4  women  (meanlSD 
age.  56.5  ±  10.2  years;  body  mass  index,  31.2  ±  6.4:  AHI.  17.5  ±  7.7/hl 
were  treated  for  6  weeks  with  each  modality.  RESULTS:  In  the  initial 
phase,  a  signit~icant  improvement  in  AHI  (baseline,  17.5  ±  7.7/h:  ISAD. 
10.5  ±  7.5/h  Ip  <  0.051;  CPAP.  3.5  ±  2.9/h  |p  <  O.OlJl  and  in  breathing- 
related  arousals  (baseline,  X.9  ±  6.1/h;  ISAD.  3.7  ±  3.3/h  [p  <  0.01]; 
CPAP.  1 .4  ±  1 .6/h  Ip  <  0.01 1 )  was  achieved  with  both  modalities.  Consid- 
ering all  20  subjects,  after  6  weeks  of  treatment,  normalization  of  the  res- 
piratory parameters  was  seen  only  with  CPAP.  However,  30%  of  the 
patients  had  a  lasting  reduction  in  AHI  to  <  10/h  with  the  ISAD  also.  The 
patients  considered  the  ISAD  to  be  easier  to  use  (scale  of  1  to  6:  ISAD, 
1.8  ±  I.I;  CPAP.  3.1  +  1.5  [p  <  0.05]).  and  indicated  greater  utilization  of 
the  device  in  comparison  with  CPAP.  CONCLUSION:  Even  in  patients 
with  mild-to-moderate  OSAS.  CPAP  is  the  more  effective  long-term 
treatment  modality.  In  the  individual  case,  the  better  compliance  seen 
with  the  IS.AD  ma\  be  advantageous. 

Paradoxical  Movement  of  the  Lateral  Rib  Margin  (Hoover  Sign)  for 
Detecting  Obstructive  Ai^v^ay  Disease — Garcia-Pachon  E.  Chest  2002 
Aug;122(2):651-655. 

STUDY  OBJECTIVE:  To  evaluate  the  diagnostic  accuracy  of  Hoover 
sign  for  detecting  obstructive  airway  disease  (OAD),  compared  with 
wheezes,  rhonchi,  reduced  breath  sounds,  and  clinical  impression,  and  to 
analyze  the  observer  agreement  on  these  signs.  DESIGN:  Prospective, 
blind  comparison,  with  a  reference  standard  (spirometry)  among  a  con- 
secutive series  of  patients.  SETTING:  Outpatient  pulmonary  clinic. 
PATIENTS:  One  hundred  seventy-two  patients  (117  men  ]68%]  and  55 
women  [32%]).  who  were  >  40  years  of  age,  had  not  been  known  previ- 
ously by  the  participating  physicians,  and  met  at  least  one  of  the  follow- 
ing criteria:  smokers  of  >  20  pack-years;  patients  who  had  received  a 
diagnosis  of  or  had  self-reported  COPD  (or  chronic  bronchitis  or  emphy- 
sema); patients  who  had  received  inhaler  bronchodilator  treatment  for  >  6 
months;  or  patients  with  any  degree  of  dyspnea.  MEASUREMENTS: 
Patients  were  examined  by  a  first-year  resident  in  family  medicine  and  by 
a  pulmonologist.  Spirometry  was  performed  by  a  blinded  trained  techni- 
cian. OAD  was  defined  as  an  FEV|/FVC  ratio  of  <  0.70.  RESULTS: 
OAD  was  present  in  64  patients  (37%).  Observer  agreement  (kappa 
statistic)  was  0.74  for  Hoover  sign  and  was  lower  for  the  rest  of  the  signs. 
Hoover  sign  had  a  sensitivity  of  58%  and  a  specificity  of  86%^  for  detect- 
ing OAD.  and  it  had  a  positive  likelihood  ratio  of  4.16,  which  was  higher 
than  that  of  the  other  signs.  CONCLUSIONS:  Hoover  sign,  a  frequently 
forgotten  sign,  is  easy  to  recognize  and  is  useful  for  detecting  O.AD. 

Pneumothorax  in  the  IC'U:  Patient  Outconie.s  and  Prognostic  Fac- 
tors—Chen KY,  Jerng  JS,  Liao  WY,  Ding  LW,  Kuo  LC,  Wang  JY,  Yang 
PC.  Chest  2002  Aug;122(2):678-683. 

STUDY  OBJECTIVE:  To  identity  the  prognostic  factors  for  pneumotho- 
rax in  patients  in  the  ICU.  DESIGN:  Retrospective  cohort  study.  SET- 
TING: ICU  at  a  university -based  teaching  hospital.  PATIENTS  AND 
METHODS;  Sixty  patients  developed  pneumothoraces  in  the  ICU  during 
a  period  of  36  months.  Medical  records  relating  to  patients'  age,  sex. 
underlying  diseases,  associated  medical  conditions,  reasons  for  admis- 
sion, acute  physiology  and  chronic  health  evaluation  (APACHE)  II 
scores,  procedures  performed  before  the  development  of  pneumothorax, 
occurrences  of  tension  pneumothorax,  duration  of  chest  tube  placement, 
chest  tube  removal,  duration  of  ICU  stay,  and  patient  outcomes  all  were 
analyzed.  A  multivariate  logistic  regression  model  was  applied  with  vari- 


ables that  were  significantly  associated  with  survival  in  the  univariate 
analysis.  The  probabilities  of  chest  tube  removal  were  calculated  using 
the  Kaplan-Meier  method.  RESULTS:  Thirty-five  patients  (58%)  had 
procedure-related  pneumothoraces.  The  procedure  that  most  commonly 
caused  pneumothoraces  was  thoracentesis  )n  =  19;  54%),  followed  by 
central  vein/pulmonary  artery  catheterization  (n  =  14:  40%^)  and  bron- 
choscopy/transbronchial  lung  biopsy  (n  =  8:  23%),  A  multivariate  logistic 
regression  analysis  also  showed  that  pneumothorax  due  to  barotrauma  (p 
=  0.001),  tension  pneumothorax  (p  =  0.0023),  and  concurrent  septic 
shock  (p  =  0.0476)  were  significantly  and  independently  associated  with 
death.  The  log-rank  test  revealed  that  the  success  rate  of  chest  tube 
removal  was  higher  in  patients  with  procedure-related  pneumothoraces  (p 
=  0.0055).  CONCLUSIONS:  Patients  with  procedure-related  pneumoth- 
oraces had  better  outcomes.  Patients  with  pneumothoraces  occurring  in 
the  ICU  due  to  barotrauma,  or  a  complicating  tension  pneumothoraces, 
carry  a  higher  risk  of  mortality. 

Organophosphate  Intoxication  As  a  Consequence  of  Mouth-to- 
Mouth  Breathing  from  an  Affected  Case — Koksal  N.  Buyukbcse  MA. 
Guv  en  A.  Cetinkava  A.  Hasanoglu  HC.  Chest  2002  Aug;122(2):74()-741. 

We  report  three  cases  of  organophosphate  (OP)  poisoning.  One  patient 
was  a  19-year-old  woman  who  drank  OP  compounds  in  an  attempt  at  sui- 
cide. The  other  two  patients  became  intoxicated  on  the  way  to  the  hospital 
during  mouth-to-mouth  breathing.  The  first  patient  died  in  the  emergency 
department,  and  the  other  two  were  taken  to  the  ICU.  There,  they  were 
treated  with  atropine  and  pralidoxime.  Three  days  later,  all  symptoms  and 
signs  had  disappeared,  and  they  were  discharged  from  the  hospital  satis- 
factorily. 

Controlled  Trial  of  Three  Weeks  Nicotine  Replacement  Treatment  in 
Hospital  Patients  .Also  Given  .Advice  and  Support — Hand  S.  Edwards 
S.  Campbell  lA,  Cannings  R.  Thorax  2002  Aug;57(S):7l5-718. 

BACKGROUND:  Smoking  is  a  major  public  health  issue,  estimated  as 
causing  120  000  deaths  in  the  UK  per  year.  Smoking  cessation  is  an 
important  aspect  of  the  treatment  of  many  diseases.  Nicotine  replacement 
therapy  (NRT)  has  been  shown  to  increase  cessation  rates  among  healthy 
volunteers  and  in  general  practice,  but  it  is  not  clear  whether  it  has  an 
effect  in  hospital  patients.  METHODS:  Patients  referred  by  their  hospital 
doctor  to  the  smoking  cessation  counsellor  and  who  agreed  to  participate 
in  the  study  were  randomised  to  receive  either  NRT  given  as  a  nicotine 
patch  daily  and  a  nicotine  inhalator  on  an  as  needed  basis  plus  advice  and 
support  (AS-i-NRT).  or  to  receive  just  advice  and  support  (AS).  Claims  of 
smoking  cessation  were  validated  at  1  week.  3  months,  6  months,  and  1 
year  by  carbon  monoxide  (CO)  breath  testing.  RESULTS:  A  total  of  245 
patients  were  randomised,  136  .AS-fNRT  and  109  AS.  There  were  no  sig- 
nificant demographic  differences  between  the  two  groups  at  baseline.  .At 
1  year  35  ( 14%)  had  sustained  cessation  confirmed  by  a  CO  breath  test. 
20/136  (15%-1  AS-i-NRT  and  15/109  (14%)  AS,  p=0.857.  One  hundred 
and  ten  patients  gave  up  smoking  for  at  lea.sl  1  week,  54%  AS-fNRT  and 
33%  AS  (p<().001).  By  6  months  there  was  no  significant  difference 
between  the  two  groups  (22/136  ( 16%)  AS-t-NRTand  15/109  (14%)  AS). 
CONCLUSION:  In  hospital  patients  NRT.  given  as  regular  daily  patches 
plus  an  inhalator  to  be  used  as  needed,  did  not  add  to  the  smoking  cessa- 
tion rate  achieved  at  1  year  by  reguliU'  adv  ice  and  support,  despite  signifi- 
cantly increasing  the  cessation  rate  at  1  week. 

Risk  of  luherculosls  Amtmg  Healthcare  Workers:  Can  Tuberculosis 
Be  Considered  .As  an  Occupational  Disease? — Kilinc  O.  Ucan  ES, 
Cakan  MD,  Ellidokuz  MD,  Ozol  MD,  Sayiner  A,  Ozsoz  MD.  Respir  Med 

2002  Jul;96(7):506-51(). 

This  study  aimed  to  determine  the  incidence  of  tuberculosis  among  hospi- 
tal employees  in  four  major  urban  institutions,  which  employ  nearly  90% 
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of  all  hospital  workers  caring  tor  adull  patients  in  a  city  of  2.5  million 
inhabitants.  It  also  had  the  objecli\e  of  finding  out  whether  this  incidence 
changes  according  to  the  in-hospital  setting,  i.e.  the  departments,  and 
thus,  whether  tuberculosis  can  be  considered  to  pose  an  tKcupalional  risk. 
The  study  population  consisted  of  all  healthcare  workers  of  the  four  hos- 
pitals between  1986  and  1998.  From  these,  those  who  developed  tubercu- 
losis w ithin  this  period  were  determined  and  were  considered  as  the  case 
group.  All  the  remaining  employees  constituted  the  control  group.  Fifty- 
nine  healthcare  workers  were  found  to  have  developed  the  disease.  The 
annual  incidence  was  found  to  range  between  0.016  and  0.1. W'f.  Tuber- 
culosis was  seen  3  times  more  frequently  among  the  hospital  employees 
than  the  general  population.  The  workers  in  departments  of  chest  diseases 
were  found  to  have  a  higher  risk  than  those  of  other  departments  (OR; 
6.37.  CI:  3.69-1 1.00).  Similarly,  the  nurses  were  also  at  a  higher  risk  than 
the  doctors  (OR:  2.63.  CI:  1.12-6.36).  These  findings  suggest  that  tuber- 
culosis can  be  considered  as  an  occupational  disease. 

Evaluation  of  Long-Term  Efficacy  of  an  .Asthma  Education  Pro- 
gramme in  an  Out-Patient  Clinic — ^  ilma/  A,  Akkaya  E.  Respir  Med 
2002  Jul;96(7l:.S  19-524. 

The  aim  of  the  present  study  was  to  evaluate  long-term  efficacy  of  a 
patient  education  programme  in  an  asthma  out-patient  clinic.  The  study 
included  two  groups.  Educational  group  consisted  of  25  patients  who 
were  given  special  education  for  one  year.  Usual  care  group  included  27 
patients  who  were  not  given  special  education.  All  patients  were  evalu- 
ated after  3  years  follow-up  period.  Mean  per  cent  asthma  knowledge 
score  (KS9r),  mean  per  cent  demonstration  score  (DS'7r).  daytime  and 
nighttime  symptom  scores.  Aas  score,  and  pulmonary  function  tests  were 
measured.  The  asthma-quality-of-life  assessment  was  performed.  The 
rate  of  application  to  emergency  room  and  admission  to  hospital  for  last  I 
year  had  been  calculated.  KS%  was  higher  in  educational  group  than  in 
usual  care  group  Ip  <  0.001 ).  Daytime  score  was  0.3  ±  0.6  in  educational 
group  and  was  0.8  ±  1.2  in  usual  care  group  (p  =  0.08).  Nighttime  symp- 
tom score  was  found  to  be  0.5  ±0.9  and  0.9  ±  1.3.  respectively  (p  =  0.07). 
Usual  care  group  had  higher  Aas  score  compared  to  educational  group  (p 
=  0.048).  The  total  score  of  quality  of  life  was  197.1  ±  17.8  in  educational 
group  and  was  176.7  ±  33.7  in  usual  care  group  (p  =  0.(X)9).  While  none 
of  the  patients  had  emergency  room  application  and  hospital  admission  in 
educational  group,  seven  patients  had  21  emergency  room  application  (p 
=  0.01)  and  four  patients  had  four  hospital  admissions  in  usual  care 
group.  Additional  short-acting  inhaled  p:  agonist  usage  was  found  lower 
in  the  educational  group  (p  =  0.068).  In  conclusion,  proper  drug  use  and 
usual  care  of  patients  are  not  sufficient  for  asthma  treatment.  Patient  edu- 
cation is  an  important  component  of  therapy  in  asthma  patients.  For  a  life 
with  optimum  standards,  in  addition  to  these  factors,  patient  education 
must  be  accepted  first  by  doctors  and  then  by  patients. 

.\mbulatory  Oxygen  improves  Quality  of  Life  of  COPD  Patients:  A 
Randomised  Controlled  Study — Eaton  T.  Garrett  JE.  Young  P.  Fergus- 
son  W.  Kolbe  J.  Rudkin  S.  Whyte  K.  Eur  Respir  J  2002  Aug;20l2l:.306- 
312. 

It  is  unknown  whether  acute  response  to  ambulatory  oxygen  (0:l  predicts 
longer  term  improvement  in  health-related  quality  of  life  (HRQLi  in 
chronic  obstructive  pulmonary  disease  (COPD)  patients.  The  aims  of  this 
study  were  I )  to  a.ssess  the  shon-term  clinical  impact,  as  determined  by 
HRQL.  of  ambulatory  O:  in  a  12-week,  double-blind,  randomised 
crossover  study  of  O;  (versus  cylinder  compressed  air)  of  dyspnoeic  but 
not  chronically  hypoxic  COPD  patients  with  exertional  desaturation  < 
88%  (n=41 ).  and  2)  to  determine  whether  either  baseline  characteristics 
or  acute  response  to  O;  predicts  short-term  ( 12  weeks)  response.  Primary 
outcome  measures  were  Chronic  Respiratory  Questionnaire  (CRQi.  Hos- 
pital Anxiety  and  Depression  scale  and  the  short  form  (.SFi-36.  Improve- 
ments were  seen  in  all  domains  of  the  CRQ  for  cylinder  02  compared 
with  cylinder  air.  Significant  improvements  were  also  noted  in  anxiety 
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and  depression  and  in  certain  domains  of  the  SF-36.  There  were  28  (68%) 
acute  responders  to  cylinder  O2  (defined  as  increase  in  6-min  walk  >  54  m 
or  decrease  in  post-Borg  dyspnoea  >  I)  and  23  (56%)  short-term  respon- 
ders (defined  as  clinically  significant  improvement  in  CRQi.  However, 
acute  and  short-term  responses  were  not  correlated  with  no  predictors  of 
short-term  response  identified.  At  study  completion.  14  (41%)  of  acute  or 
short-term  responders  did  not  want  to  continue  therapy,  with  1 1  citing 
poor  acceptability  or  tolerability.  Short-term  ambulatory  oxygen  is  asso- 
ciated with  significant  improvements  in  health-related  quality  of  life. 
These  benefits  cannot  be  predicted  by  baseline  characteristics  or  acute 
response.  Despite  acute  or  short-term  response,  a  substantial  proportion 
of  patients  declined  ambulatory  oxygen. 

Noninvasive  Ventilation  for  Chest  Wall  and  Neuromuscular  Disor- 
ders—Shneerson  JM.  Simonds  .AK.  Eur  Respir  J  2(M)2  Aug;20(2>:480- 
487. 

Neuromuscular  and  chest  wall  disorders  are  indi\  idually  uncommon  but 
together  form  an  important  group  of  conditions  that  can  lead  to  chronic 
ventilatory  failure.  This  is  best  recognised  in  .scoliosis,  kyphosis,  follow- 
ing a  thoracoplasty,  in  muscular  dystrophies,  such  as  Duchenne  muscular 
dystrophy  (DMD).  and  myotonic  dystrophy,  after  poliomyelitis  and  with 
motor  neurone  disease  (amyotrophic  lateral  sclerosis).  If  bulbar  function 
is  impaired,  tracheostomy  ventilation  may  be  required,  but  in  other  situa- 
tions, noninvasive  ventilation  is  preferable.  Positive  pressure  techniques 
using  nasal  and  face  masks  are  usually  the  first  choice,  but  negative  pres- 
sure ventilation  is  an  alternative.  There  are  no  randomised-controlled  tri- 
als regarding  the  indications  for  initiating  noninvasive  ventilation,  but 
this  is  usually  provided  if  there  are  symptoms  due  to  nocturnal  hypoventi- 
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lalion  or  righl  heart  lailure  in  the  presence  of  a  raised  carbon  dioxide  ten- 
sion in  arterial  blood  (Pjcoi)  either  at  night  or,  more  usually,  in  the  day- 
time as  well.  There  is  no  evidence  that  "prophylactic"  ventilatory  support 
is  of  benelTl  if  this  is  pro\ided  before  \entilalory  failure  has  appeared. 
Careful  selection  of  patients  is  required,  especially  in  the  presence  of  pro- 
gressive neuromuscular  disorders  such  as  DMD  and  motor  neurone  dis- 
ease. There  are  no  randomised-conlrolled  trials  concerning  the  outcome 
of  noninvasive  ventilation  in  these  conditions,  but  studies  have  shown  an 
improved  quality  of  life,  physical  activity  and  haemodynamics,  normali- 
sation of  blood  gases  and  slight  improvement  in  other  physiological  mea- 
sures, such  as  the  vital  capacity  and  maximal  mouth  pressures.  Survisal 
in  chest  wall  disorders  is  approximately  909^  at  I  yr  and  W7r  at  5  yrs,  and 
similar  figures  have  been  obtained  in  nonprogressive  neuromuscular  con- 
ditions. If,  however,  the  underlying  disorder  is  deteriorating,  particularly 
if  it  involves  the  bulbar  muscles,  it  may  limit  survival  despite  the  provi- 
sion of  adequate  nonin\asive  ventilatory  support. 

Stopping  Smoking:  ,\  Prospective,  Randomized,  Double-Blind  Study 
Comparing  Nortriptyline  to  Placebo — da  Costa  CL,  Younes  RN. 
Lourenco  MT.  Chest  2002  Aug;l22(2):4().V408. 


slum  had  a  inean  FEV|  of  48.2%  predicted,  compared  to43.59'r  predicted 
in  the  placebo-treated  group  (mean  difference,  4.7%:  95%  confidence 
interval  jClj.  0.29  to  9.3%;  p  =  0.045).  A  regression  model  connrmed  the 
effect  of  magnesium  compared  to  placebo  was  greater  in  patients  with  a 
lower  initial  FEV|  (p<0.05).  If  the  initial  FEV|  was  <  25%  predicted,  the 
final  FEV|  was  45.3%  predicted  in  the  magnesium-treated  group  and 
35.6%^  predicted  in  the  placebo-treated  group  (mean  difference.  9.7%: 
95%  CI,  4.0  to  1 5.3% ;  p  =  0.001 ).  If  the  initial  FEV  was  >  25%  predicted, 
magnesium  administration  was  not  beneficial;  the  final  FEV|  was  51.1%^ 
predicted  in  the  magnesium-treated  group  and  53.9%  predicted  in  the 
placebo-treated  group  (inean  difference,  -  2.9%,  95%-  CI,  -  9.4  to  3.7:  p  = 
not  significant).  Overall,  the  use  of  magnesium  sulfate  did  not  improve 
hospital  admission  rates.  CONCLUSION:  Administration  of  2  g  of  IV 
magnesium  sulfate  improves  pulmonary  function  when  used  as  an 
adjunct  to  standard  therapy  in  patients  « ith  very  severe,  acute  asthma. 

Hospital  Initiatives  in  Promoting  Smoking  Cessation:  \  Survey  of 
Internet  and  Hospital-Based  Programs  Targeted  at  Consumers — 

Denny  JT.  Ginsberg  S.  Papp  D,  Browne  G.  Morgan  S.  Kushins  L.  Solina 
A.  Chest  2002  Aug;l22(2):692-698. 


OBJECTIVE:  The  administration  of  antidepressant  drugs  was  shown  to 
positively  affect  the  rate  of  smoking  cessation.  This  study  evaluates  the 
efficacy  of  nortriptyline  in  an  antismoking  program.  METHODS:  A  pos- 
sible randomized  double-blind  study  that  included  144  patients  who  were 
randomized  to  receive  nortriptyline,  75  mg/d  (68  patients),  or  placebo  (76 
patients),  during  6  consecutive  weeks.  All  patients  attended  behavioral 
group  orientation  for  5  weeks.  The  rate  of  success,  complications,  adher- 
ence to  the  regime,  and  factors  of  pretreatment  prognosis  were  evaluated 
(multivariate  analysis).  RESULTS:  The  groups  were  balanced  in  relation 
to  the  characteristics  of  the  patients  on  entering  the  study.  Patients  receiv- 
ing nortriptyline  showed  significantly  higher  cessation  rate  (55.9%^)  com- 
pared to  the  group  receiving  placebo  (23.3%:  p  <  0.001 ).  In  a  univariate 
analysis  on  prognosis  factors  infiuencing  the  rate  of  cessation  in  our 
study,  the  Fagerstrom  test  results  (p  =  0.005)  and  nortriptyline  (p  <  0.001 ) 
were  identified.  Logistic  regression  showed  that  a  Fagerstrom  test  score 
of  <  7  (odds  ratio  [OR],  3.1;  95%  confidence  interval  [CI],  1.47  to  6.7:  p 
=  0.003 )  and  nonriptyline  u,se  (OR,  4. 1 ;  95%  CI.  2  to  8.3:  p  <  O.OOI )  were 
independent  factors  impacting  the  rate  of  success  for  smoking  cessation. 
No  significant  complications  were  observed  in  the  nortriptyline  group. 
CONCLUSION:  This  study  showed  that  nortriptyline  significantly 
increases  the  smoking  cessation  rate  in  chronic  smokers,  as  compared  to 
the  placebo  group,  w  ilhout  any  significant  side  effects. 

I\  Magnesium  Sulfate  in  the  Treatment  of  Acute  Severe  Asthma:  A 
Multicenter  Randomized  Controlled  Trial — Silverman  RA.  Osboin  H. 
Range  J,  Gallagher  EJ.  Chiang  W,  Feldman  J.  et  al;  Acute  Asthma/Mag- 
nesium Study  Group,  Chest  2002  Aug:  1 22(2):4S9-497. 

BACKGROUND:  Studies  of  IV  magnesium  sulfate  as  a  treatinent  for 
acute  asthma  ha\e  had  mixed  results,  with  some  data  suggesting  a  benefit 
for  acute  severe  asthma,  hut  not  for  mild-to-moderate  asthma.  In  a  multi- 
center  cohort,  this  study  tests  the  hypothesis  that  administration  of  mag- 
nesium sulfate  improves  pulmonary  function  in  patients  with  acute  severe 
asthma.  DESIGN:  Placebo-controlled,  double-blind,  randomized  clinical 
trial.  SETTING:  Emergency  departments  (EDs)  of  eight  hospitals. 
PATIENTS:  Patients  aged  18  to  60  years  presenting  with  acute  asthma 
and  FEV  I  <  30%  predicted  on  arrival  to  the  ED.  INTERVENTION:  All 
patients  received  nebulized  albuterol  at  regular  intervals  and  IV  methyl- 
prednisolone.  Two  grams  of  IV  magnesium  sulfate  or  placebo  were 
administered  30  min  after  ED  arri\ al.  The  primary  efficacy  end  point  was 
FEV|  at  240  min,  and  the  data  analysis  was  intent  to  treat.  RESULTS: 
Two  hundred  forty-eight  patients  were  inckided.  and  the  mean  FEV|  on 
ED  arrival  was  22.9%  predicted.  At  240  iwin.  patients  receiving  magne- 


STUD^'  OBJECTIVES:  This  study  assesses  how  often  local  US  hospitals 
provide  smoking  cessation  information  in  the  following  two  ways:  via 
hospital  Web  sites;  and  via  routing  incoming  phone  calls  to  their  hospital 
sw  itchboards  to  an  in-house  smoking  cessation  clinic.  DESIGN:  Random 
survey  of  US  hospitals.  SETTING:  US  hospital  Web  pages  and  telephone 
switchboards.  Patients  or  participants:  One  hundred  two  randomly 
selected  US  hospitals.  INTERVENTIONS:  One  hundred  two  hospital 
Web  sites  were  randomly  selected  across  the  United  States.  The  site  was 
searched  for  the  topic  of  smoking  cessation.  In  the  second  phase  of  the 
survey,  the  main  switchboard  number  of  the  same  102  hospitals  was 
anonymously  called  and  the  "stop  smoking  clinic"  was  asked  for.  MEA- 
SUREMENTS AND  RESULTS:  The  overall  results  indicate  that  among 
the  hospital  Web  sites  surveyed,  only  30%^  contained  information  relating 
to  smoking  cessation  programs.  The  phone  survey  of  hospital  switch- 
boards showed  that  47%-  had  a  smoking  cessation  program  available  via 
phone  inquiry,  while  53%  did  not.  CONCLUSIONS:  Of  the  US  hospital 
Web  sites  visited,  only  30%-  contained  information  on  smoking  cessation. 
The  yield  of  finding  the  desired  information  was  increased  by  the  pres- 
ence of  an  intrasite  search  option,  which  is  a  low-cost  enhancement  to  any 
complex  Web  site.  The  relatively  low  cost  of  promoting  healths  behav- 
iors such  as  smoking  cessation  on  a  hospital  Web  site  should  be  used 
more  widely.  Surprisingly,  the  phone  survey  of  hospitals  showed  that  the 
lower  technology  route  of  providing  smoking  cessation  information  to 
patients  via  a  patient-initiated  phone  call  is  only  available  in  47%^  of  hos- 
pitals. Both  the  Internet  and  phone-based  switchboard  referrals  could  be 
more  widely  and  effectively  used.  Joint  Commission  on  Accreditation  of 
Healthcare  Organizations  guidelines  would  be  one  avenue  of  increasing 
the  availability  of  smoking  cessation  information  at  hospital  switchboards 
and  Web  sites. 

.\  Randomised  Conlnilled  Crossover  Trial  of  Nurse  Practitioner 
\  ersus  Doctor  Led  Outpatient  Care  in  a  Bronchiectasis  Clinic — 

Sharpies  LD.  Edmunds  J,  Bilton  D.  Hollingworth  W,  Caine  N,  Keogan 
M,  Exley  A.  Thorax  2002  Aug:57(8):66l-666. 

B.ACKGROL'NI):  With  the  decrease  in  junior  doctor  hours,  the  advent  of 
specialisi  registrars,  and  the  asailabilitv  of  highly  trained  and  experienced 
nursing  personnel,  the  service  needs  of  patients  with  chronic  respiratory 
diseases  attending  routine  outpatient  clinics  may  be  better  provided  by 
appropriately  trained  nurse  practitioners.  METHODS:  A  randomised 
controlled  crossover  trial  was  used  to  compare  nurse  practitioner  led  care 
with  doctor  led  care  in  a  bronchiectasis  outpatient  clinic.  Eighty  patients 
were  recruited  and  randomised  to  receive  1  year  of  nurse  led  care  and  1 
year  of  doctor  led  care  in  random  order.  Patients  were  follow ed  up  lor  2 
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Abstracts 


years  to  ensure  patient  safety  and  acceptability  and  to  assess  differences 
in  lung  function.  Outcome  measures  were  forced  expiratory  voluine  in  1 
second  (FEV|).  12  minute  walk  test,  health  related  quality  of  life,  and 
resource  use.  RESULTS:  The  mean  difference  in  FEV|  was  0.2'7r  pre- 
dicted {959c  confidence  interval  -1. 6  to  2.0%,  p=0.83 1.  There  were  nosig- 
nlficanl  differences  in  the  other  clinical  or  health  related  quality  of  life 
measures.  Nurse  led  care  resulted  in  significantly  increased  resource  use 
compared  with  doctor  led  care  (mean  difference  pound  1497,  95%  confi- 
dence interval  pound  688  to  pound  2674.  p<0.001 1,  a  large  part  of  which 
resulted  from  the  number  and  duration  of  hospital  admissions.  The  mean 
difference  in  resource  use  was  greater  in  the  first  year  (  pound  2625)  than 
in  the  second  year  (  pound  411).  CONCLUSIONS:  Nurse  practitioner  led 
care  for  stable  patients  w  ilhin  a  chronic  chest  clinic  is  safe  and  is  as  effec- 
tive as  doctor  led  care,  hut  may  use  more  resources. 

Distal  Projection  of  Insufflated  Gas  During  Tracheal  Gas  Insuffla- 
tion— Carter  CS,  Hotchkiss  JR.  Adams  AB.  Stone  MK.  Marini  JJ.  J  Appl 
Physiol  2002  May:92(5):1843-I830. 

Tracheal  gas  insufflation  (TGI)  Hushes  expired  gas  froin  the  ventilator 
circuitry  and  central  airways,  augmenting  CO:  clearance.  Whereas  a  sig- 
nificant portion  of  this  washout  effect  may  occur  distal  to  the  injection 
orifice,  the  penetration  and  mixing  behavior  of  TGI  gas  has  not  been  stud- 
ied experimentally.  We  examined  the  behavior  of  100%  oxygen  TGI 
injected  at  set  flow  rates  of  1-20  L/min  into  a  simulated  trachea  consisting 
of  a  smooth-walled.  14-mm-diameter  tube.  Models  incorporating  a  sepa- 
rate coaxial  TGI  injector,  a  rough-walled  trachea,  and  a  bifurcated  trachea 
were  also  studied.  One-hundred  percent  nitrogen,  representing  expiratory 
flow,  passed  in  the  direction  opposite  to  TGI  at  set  flow  rates  of  1-25 
L/min.  Oxygen  concentration  within  the  "trachea"  was  mapped  as  a  func- 
tion of  axial  and  radial  position.  Three  consistent  findings  were  observed: 

1 )  mixing  of  expiratory  and  TGI  gases  occurred  close  to  the  TGI  orifice; 

2)  the  oxygenated  domain  extended  several  centimeters  beyond  the  endo- 
tracheal tube,  even  at  high-expiratory  flows,  but  had  a  defined  distal 
limit;  and  i)  more  distally  from  the  site  of  gas  injection,  the  TGI  gas 
tended  to  propagate  along  the  tracheal  wall,  rather  than  as  a  central  pro- 
jection. We  conclude  that  forward-directed  TGI  penetrates  a  substantial 
distance  into  the  central  airways,  extending  the  compartment  susceptible 
to  COi  washout. 

Mechanical  \  entilation  Results  in  Progressive  Contractile  Dysfunc- 
tion in  the  Diaphragm — Powers  SK,  Shanely  RA.  Coombes  JS. 
KoestererTJ.  McKenzie  M.  Van  Gammeren  D,  et  al.  J  Appl  Physiol  2002 
May;92(5):l85l-1858. 

These  experiments  tested  the  hypothesis  that  a  relatively  short  duration  of 
controlled  mechanical  ventilation  (MV)  will  impair  diaphr;igmatic  maxi- 
mal specific  force  generation  (specific  P„)  and  that  this  force  deficit  will 
be  exacerbated  with  increased  time  on  the  ventilator.  To  test  this  postu- 
late, adult  Sprague-Dawley  rats  were  randomly  divided  into  one  of  six 
experimental  groups:  1 )  control  (n=  12);  2)  l2hof  MV  (n  =  4);  3)  18hof 
MV  (n  =  4);  4)  18  h  of  anesthesia  and  spontaneous  breathing  (n  =  4);  5) 
24  h  of  MV  (n  =  7);  and  6)  24  h  of  anesthesia  and  spontaneous  breathing 
(n  =  4).  MV  animals  were  anesthetized,  tracheostomi/ed.  and  ventilated 
with  room  air.  Animals  in  the  c<introl  group  were  acutely  anesthetized  but 
were  not  exposed  to  MV.  Animals  in  two  spontaneous  breathing  groups 
were  anesthetized  and  breathed  spontaneously  for  either  18  or  24  h.  No 
differences  (p  >  0.05)  existed  in  diaphragmatic  specific  P,,  between  con- 
trol and  the  two  spontaneous  breathing  groups.  In  contrast,  compared 
with  control,  all  durations  of  MV  resulted  in  a  reduction  (p  <  0.05)  in 
diaphragmatic  specific  tension  at  siiinulation  frequencies  ranging  from  15 
to  160  Hz.  Furthermore,  the  MV-induced  decrease  in  diaphragmatic  spe- 
cific P„  was  time  dependent,  w  ith  specific  P„  being  approximately  1 8  and 
approximately  46'.?  lower  (p  <  0.05)  in  animals  mechanically  ventilated 
for  12  and  24  h,  respectively.  These  data  support  the  hypothesis  that  rela- 


tively short-term  MV  impairs  diaphragmatic  contractile  function  and  that 
the  magnitude  of  MV-induced  force  deficit  increases  with  time  on  the 
ventilator. 

The  Relation  Between  the  .\vailahility  of  Neonatal  Intensive  Care 
and  Neonatal  Mortality— Goodman  DC.  Fisher  ES.  Little  GA.  Stukel 
TA.  Chang  CH.  Schoendorf  KS.  N  Engl  J  Med  2002  May 
16;.346(20):  1538- 1544. 

BACKGROL'ND:  There  is  marked  regional  variation  in  the  availability 
of  neonatal  intensive  care  in  the  United  States.  We  conducted  a  study  to 
determine  whether  a  greater  supply  of  neonatologists  or  neonatal  inten- 
sive care  beds  is  associated  with  lower  neonatal  mortality.  METHODS: 
We  used  the  1996  master  files  of  the  American  Medical  Association  and 
the  American  Osteopathic  Association  and  1998  and  1999  surveys  of 
neonatal  intensive  care  units  to  calculate  the  supply  of  neonatologists  and 
neonatal  intensive  care  beds  in  246  neonatal  intensive  care  regions.  We 
used  linked  birth  and  death  records  from  the  1995  U.S.  birth  cohort  to 
assess  associations  between  the  supply  of  both  neonatologists  and  neona- 
tal intensive  care  beds  per  capita  (in  quintiles)  and  the  risk  of  death  within 
the  first  27  days  of  life.  RESULTS:  Among  3.892.208  newborns  with  a 
birth  weight  of  500  g  or  greater,  the  mortality  rate  was  3.4  per  10(X) 
births.  After  adjustment  for  neonatal  and  maternal  characteristics  associ- 
ated with  an  increased  risk  of  neonatal  death,  the  rate  was  lower  in  the 
regions  with  4.3  neonatologists  per  lO.OtX)  births  than  in  those  with  2.7 
neonatologists  per  10.000  births  (odds  ratio  for  death,  0.93;  95  percent 
confidence  interval.  0.88  to  0.99).  Further  increases  in  the  number  of 
neonatologists  were  not  associated  with  greater  reductions  in  the  risk  of 
death.  There  was  no  consistent  relation  between  the  number  of  neonatal 
intensive  care  beds  and  neonatal  mortality.  CONCLUSIONS:  A  minority 
of  regions  in  the  United  States  may  have  inadequate  neonatal  intensive 
care  resources,  whereas  many  others  may  have  more  resources  than  are 
needed  to  prevent  the  death  of  high-risk  newborns.  The  effect  of  the 
availability  of  neonatologists  on  other  health  outcomes  is  not  known. 

Alcohol-Based  Handrub  Improves  Compliance  with  Hand  Hygiene 
in  Intensive  Care  Units — Hugonnet  S.  Pemeger  TV.  Pittet  D.  Arch 
Intern  Med  2002  May  13:162(91:1037-1043. 

BACKGROUND:  Nosocomial  infection  is  a  leading  complication  in 
intensive  care  units.  Although  hand  hygiene  is  the  single  most  efficient 
preventive  measure,  compliance  with  this  simple  action  remains  low. 
OBJECTIVES:  To  assess  the  effect  of  an  intervention  to  promote  hand 
hygiene  and  to  investigate  risk  factors  for  noncompliance  in  intensive 
care  units.  METHODS:  We  performed  7  observational  surveys  and 
implemented  a  promotional  campaign  after  baseline  in  medical,  surgical, 
and  pediatric  intensive  care  units  of  a  teaching  hospital.  Health  care 
workers  were  observed  during  routine  patient  care.  The  intervention  con- 
sisted of  a  hospitalwide  promotional  campaign,  including  observation 
and  performance  feedback,  posters  display,  and  distribution  of  individual 
bottles  of  alcohol-based  handrub.  The  main  outcome  measure  was  com- 
pliance with  hand  hygiene  through  handwashing  or  handrubbing. 
RESULTS:  We  observed  2743  opportunities  for  hand  hygiene  distributed 
over  248  periods.  Overall  compliance  increased  from  38.4%  to  54.5% 
during  the  study  (p<  0.001 ).  .-Mthough  recourse  to  handwashing  remained 
stable  at  around  30'  < .  handrubbing  increased  from  5.4'^r  at  baseline  to 
21.7'/>  at  the  last  survey  (p<  0.001 ).  Compliance  increased  among  nurses 
and  nursing  assistants,  but  remained  stable  among  physicians.  Handwash- 
ing compliance  decreased,  on  average,  by  4.7%  for  an  increase  of  10 
opportunities  for  hand  hygiene  per  hour  of  patient  care  (p<  O.OOI). 
whereas  no  such  association  existed  for  handrubbing.  CONCLUSIONS; 
Our  intervention  induced  a  marked  and  sustained  increase  in  compliance 
w  Ith  hand  hygiene.  In  intensive  care  units,  less  time-consuming  handrub- 
bing might  replace  standard  handwashing  and  overcome  the  barrier  of 
time  constraints. 
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Enddtlu'lial   Responses  to  Mechanical  Stress:  Where  Is  the 

Mechiinosensor'.'-Ali  MH,  Scluiiiiacker  PT.  Cm  Care  Mcil  2(102 
May;30(5Suppl);SiyS-,S21)(i. 

OBJECTIVH:  The  enjotheliiim  is  normally  subjected  to  iiieclianlcal 
(Jeroriiialii)n  resulting  from  shear  stress  and  from  strain  associated  with 
stretch  of  the  vessel  wall.  These  stimuli  are  detected  by  a  mechanosen- 
sor  that  initiates  a  variety  of  signaling  systems  responsible  for  trigger- 
ing the  functional  responses.  The  identity  of  the  mechanosensor  has 
not  been  established.  This  article  discusses  the  different  mechanisms 
of  mechanosensing  that  have  been  proposed  and  reviews  the  literature 
with  respect  to  signaling  systems  that  are  activated  in  response  to 
stress  and  strain  in  endothelium.  DATA  SOURCES:  Published  litera- 
ture related  to  mechanolransduction.  signal  transduction  pathways  ini- 
tiated by  strain  in  endothelium,  and  pathophysiologic  effects  of  abnor- 
mal shear  forces  in  diseases.  DATA  EXTRACTION  AND 
SYNTHESIS:  Proposed  mechanisms  of  mechanosensing  include 
stretch-sensitive  ion  channels,  protein  kinases  associated  with  the 
cytoskeleton,  integrin-cytoskeletal  interactions,  cytoskeletal-nuclear 
interactions,  and  oxidase  systems  capable  of  generating  reactive  oxy- 
gen species.  However,  the  molecular  identity  of  the  mechanosensor  is 
not  known,  nor  is  it  clear  whether  multiple  sensing  mechanisms  exist. 
CONCLUSIONS:  Many  responses  are  initiated  in  cells  subjected  to 
mechanical  deformation,  including  alterations  in  ion  channel  conduc- 
tance, activation  of  signal  transduction  pathways,  and  altered  expres- 
sion of  specific  genes.  Future  progress  in  this  field  will  require  a  criti- 
cal distinction  between  cell  systems  that  become  activated  during 
mechanical  strain  and  the  identity  of  Ihc  cellular  mechanosensor  that 
triggers  subsequent  responses. 


STUDY  OBJECTIVES:  Acupuncture  traditionally  has  been  used  to 
treat  asthma.  Nevertheless,  only  a  few  controlled  studies  have  been 
performed  to  determine  the  efficacy  of  this  treatment.  Our  study  aimed 
to  determine  the  efficacy  of  acupuncture  in  patients  with  moderate  per- 
sistent asthma.  METHODS:  Twenty-three  patients  with  moderate  per- 
sistent asthma  who  had  been  treated  only  with  inhaled  Bi-agonists  were 
randomly  assigned  to  receive  four  sessions  of  real  acupuncture  (RA)  or 
sham  acupuncture  (SA)  in  a  blinded  manner.  After  a  washout  period  of 
3  weeks,  the  patients  were  crossed  over.  Monitoring  included  FEVi. 
methacholine  challenge,  daily  peak  flow  (PF)  variability,  and  the  keep- 
ing of  an  asthma  diary.  RESULTS:  Twenty  of  23  patients  completed 
the  study.  There  was  no  significant  change  in  FEV|  following  treat- 
ment. The  mean  ±  SE)  FEV|  values  before  and  after  the  RA  were  7.^  ± 
4%  and  7.3  ±  3%.  respectively  (not  significant  |NS|).  FEV|  values 
before  and  after  SA  were  70  ±  3%  and  70  ±  3%.  respectively  (NS). 
There  was  also  no  change  in  provocative  methacholine  concentration 
causing  a  20%  fall  in  FEV|  (PC20)  before  and  after  treatment.  The 
mean  PC 20  values  before  and  after  RA  were  0.92  ±  0.42  mg/mL  and 
1. 16  ±  0.51  mg/mL.  respectively  (p  =  0.71).  while  the  PCio  values 
before  and  after  SA  were  1 .47  ±  0.83  mg/mL  and  1 .  1 1  ±  0.79  mg/mL. 
respectively  (p  =  0.59).  There  was  no  change  in  the  mean  PF  variabil- 
ity before  and  after  the  RA  ( 1.6  ±  3.1%  and  1.8  ±  2.3%.  respectively 
[NS|).  The  PF  variability  before  and  after  SA  were  3.6  ±  2.8%  and  2.8 
±  3.4%.  respectively  (NS).  No  significant  difference  was  demonstrated 
for  symptom  scores  or  for  the  use  of  6:-agonist  inhalers  (RA.  6.7  ±  3.4; 
SA,  8.1  ±  3.6;  p  =  0.58).  CONCLUSION:  In  patients  with  moderate 
persistent  asthma,  a  short  course  of  acupuncture  treatment  resulted  in 
no  change  in  lung  functions,  bronchial  hyperreactivity,  or  patient 
symptoms. 


Shear  Stress  and  Endothelial  Cell  Activation — Fisher  AB.  Al-Mehdi 
AB.  Manevich  Y.  Crit  Care  Med  2002  May:3()(3  Suppl):SI92-S197. 

We  have  shown  previously  that  ischemia  in  an  isolated  rat  lung  that  is 
normally  oxygenated  by  continued  ventilation  results  in  lipid  and  pro- 
tein oxidation,  indicating  the  generation  of  reactive  oxygen  species.  By 
using  a  variety  of  biochemical  and  imaging  techniques,  we  determined 
that  the  initial  response,  which  occurs  within  the  first  second  of 
ischemia,  is  partial  depolarization  of  the  endothelial  cell  plasma  mem- 
brane. This  event  is  followed  within  several  seconds  by  activation  of 
endothelial  NADPH  oxidase  and  generation  of  superoxide  anion  at  the 
extracellular  surface  of  the  cell  membrane  where  it  is  dismutated  to 
freely  diffusible  H2O2.  Approximately  15  sees  after  the  onset  of 
ischemia,  we  detected  an  elevation  of  intracellular  Ca2+  caused  by  its 
release  from  intracellular  stores,  followed  by  Ca2-i-  influx,  possibly 
through  T-type  voltage-dependent  Ca2-f  channels.  Increased  nitric 
oxide  generation  through  activation  of  endothelial  nitric  oxide  synthase 
is  detected  after  about  45  sees  of  ischemia.  These  changes  (endothelial 
membrane  depolari/alion.  reactive  oxygen  species  production,  eleva- 
tion of  intracellular  Ca2-i-  levels,  and  nitric  oxide  generation)  were  con- 
firmed in  isolated  endothelial  cells  that  had  been  adapted  to  shear  .stress 
in  vitro.  The  in  vitro  model  also  demonstrates  reactive  oxygen  species- 
dependent  activation  of  nuclear  factor-kappaB  and  activator  protein- 1 
and  that  24  hrs  of  ischemia  results  in  increased  cell  division.  These 
results  indicate  a  novel  cell-signaling  pathway  in  response  to  loss  of 
shear  stress.  The  basis  for  these  changes  in  endothelial  function  is 
related  to  mechanolransduction.  i.e..  altered  shear  stress  rather  than  a 
metabolic  response  to  ischemia.  The  biological  function  for  the 
response  may  be  an  attempt  to  restore  blood  llou  through  vasodilata- 
tion and  new  capillary  formation. 

Shorl-lerni  .\ciipiiiicturc  llierap)  Is  of  No  Bencllt  in  Patients 
with  Moderate  Persistent  Asthma — Shapira  MY.  Berkman  N.  Ben- 
David  G,  Avital  A.  Hardach  F,  Breucr  R.  Chest  2002 
May;l2l(5):l396-I4()0. 


Comparison  of  the  Effects  of  Salmeterol  and  Formoterol  in  Patients 
v\ith  Severe  .Vsthma — Nightingale  JA.  Rogers  DF.  Barnes  PJ.  Chest 
2002  May;  12 1(5):  1401- 1406. 

STUDY  OBJECTIVE:  Several  studies  have  demonstrated  the  superiority 
of  salmeterol  and  formoterol  to  either  regular  treatment  with  albuterol  or 
placebo.  However,  to  date  there  have  been  no  trials  comparing  the  effi- 
cacy of  salmeterol  and  formoterol  in  patients  with  severe  asthma. 
DESIGN:  We  undertook  a  randoini/.ed.  placebo-controlled,  crossover 
study  to  compare  4  weeks  of  treatment  with  inhaled  formoterol  ( 1 2 
microg  twice  daily)  or  salmeterol  (50  micros  twice  daily)  in  patients  with 
severe  asthma  whose  conditions  were  not  being  adequately  controlled  by 
therapy  with  high  doses  of  inhaled  corticosteroids  (i.e..  >  1.500  microg 
daily)  or  with  regular  oral  corticosteroid  treatment.  Morning  pretrealment 
peak  expiratory  flow  (PEF)  during  the  last  14  days  of  the  treatment  period 
was  the  primary  outcome  variable.  Patients  recorded  morning  and 
evening  pretreatnient  PEF.  daytime  and  nighttime  symptom  scores,  and 
any  use  of  rescue  medication.  Spirometry  and  bronchial  reversibility 
were  performed  after  each  treatment.  RESULTS:  Forty-two  nonsmoking 
patients  (29  women;  mean  age.  45  ±  2  years;  mean  |±  SEM|  FFV|.  61.8  + 
3.4%  of  predicted)  took  part  in  the  trial,  and  27  patients  completed  the 
trial.  The  mean  morning  PEF  was  greater  in  patients  receiving  formoterol 
(mean  increase.  14.4  L/min;  95%  confidence  interval  [CI|.  0.2  to  28.6)  or 
salmeterol  (mean  increase,  14.8  L/min;  95%  CI,  0,5  to  29.1)  compared 
with  those  receiving  placebo,  but  there  was  no  difference  between  these 
treatments.  There  were  no  significant  treatment  effects  for  any  of  the  sec- 
ondary outcome  variables  (i.e..  FEV|  FVC.  mean  evening  PEF.  mean 
daytime  symptom  score,  or  nighttime  symptom  score).  CONCLUSION: 
We  conclude  that  the  long-acting  H:-agonists  salmeterol  and  formoterol 
improve  morning  PFF  in  patients  with  severe  asthma,  but  that  there  is  no 
tlilTcrciicc  in  efficacy  between  the  two  drugs. 

Near-Fatal  Asthma:  A  Population-Based  Stud.v  of  Risk  Factors — 

Mitchell  1.  Tough  SC.  Seniple  LK.  Green  FH.  Hessel  PA.  Chest  2002 
Mav;  12 1(5):  1407- 14 1 3. 
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BACKGROUND:  The  Muily  iif  ne;\r-t'al;il  asllima  (NFA)  may  provide 
a  means  lo  lurther  our  iinderManditig  ot  fatal  asthma.  Studies  ol  Nl'A 
often  are  derived  from  a  single  ICU  rather  than  from  a  defined  popula- 
tion. We  therefore  aimed  to  identify  factors  distinguishing  NFA 
patients  (cases)  from  those  persons  treated  in  an  emergency  depart- 
ment (F.D)  [ED  control  subjects]  and  in  the  community  (community 
control  subjects  [CCs]).  METHODS:  This  was  a  population-based 
case-control  study  conducted  over  20  months  of  45  NFA  patients  (age 
range.  5  to  30  years).  197  ED  control  subjects  treated  in  an  ED.  and 
303  CCs.  all  of  whom  were  residents  of  Alberta.  RESULTS:  The  age 
distribution  was  similar  between  NFA  patients  and  control  subjects. 
with  the  majority  being  <  22  years  of  age  (NFA  patients.  68. 9<^;  ED 
control  subjects.  71.3'^'f;  CCs.  60.795-).  Those  patients  with  NFA  were 
significantly  more  likcK  lo  have  received  a  diagnosis  before  .5  years 
of  age  (66.6Tf ).  compared  to  ED  control  subjects  (39.6'?'rl  and  CCs 
(28.7*^  ).  The  NFA  group  was  significantly  more  likely  to  report  mod- 
erate-to-severe disease  and  more  frequent  symptoms  than  the  other 
groups.  Therapy  with  bronchodilators  was  used  most  frequently  by 
the  NFA  group  compared  to  the  ED  control  subjects  and  CCs  (p  < 
0.001).  as  was  therapy  with  inhaled  steroids  (p  <  0.001)  and  oral 
steroids  (p  <  0.001 ).  NFA  patients  had  higher  scores  for  vulnerability 
and  were  most  likely  to  admit  to  stress  as  an  asthma  trigger.  All 
groups  had  high  exposure  to  cigarette  smoke  and  pets.  CONCLU- 
SION; NFA  patients  have  many  modifiable  risk  factors  and  many  sim- 
ilarities to  ED  control  subjects  and  CCs  with  asthma.  General  mea- 
sures to  improve  asthma  control  and  awareness  of  risks  are  required  in 
all  groups. 

Cough  and  Phlegm  .Are  Important  Predictors  of  Health  Status  in 
Smokers  Without  COPD— Heijdra  YF.  Pinto-Plata  VM.  Kenney 
LA.  Ras.sulo  J.  Celli  BR.  Chest  2002  May;l2l(?):l427-1433. 

STUDY  OBJECTIVES:  The  health-related  quality  of  life  of  smokers 
without  COPD  and  that  of  ex-smokers  has  not  been  defined.  If  abnor- 
mal, the  role  of  small  airways  disease  and  that  of  cough  and  phlegm 
have  never  been  evaluated.  Therefore,  the  aim  of  the  study  was  to 
explore  whether  the  differences  in  quality  of  life  between  smokers  and 
e,x-smokers  could  be  explained  by  cough  and  phlegm,  differences  in 
pulmonary  function  tests,  or  exercise  capacity.  DESIGN:  Observa- 
tional, prospective.  SETTING:  Pulmonary  and  Critical  Care  Division. 
COPD  Center  at  St.  Elizabeth's  Medical  Center.  POPULATION:  In  36 
smokers.  21  ex-smokers  (stopped  smoking  for  >  20  years).  19  never- 
smokers  with  normal  FVC  and  FEV|  values,  and  41  patients  with 
COPD  iFEVi  38  ±  1  r f  predicted  [mean  ±  SD]).  the  St.  George's  Res- 
piratory Questionnaire  (SGRQ).  pulmonary  lunction  tests,  and  a  6-min 
walk  distance  (6MWD)  were  performed.  RESULTS:  The  total  SGRQ 
scores  were  worse  in  current  smokers  (15  ±15)  than  in  ex-smokers  (6  ± 
4)  or  never-smokers  (4  ±  3)  [p  <  0.05].  As  expected,  the  worst  score  was 
seen  in  COPD  (50  ±15).  After  correcting  for  cough  and  phlegm,  the 
difference  in  SGRQ  scores  between  smokers  and  ex-smokers  disap- 
peared. In  current  and  ex-smokers,  the  SGRQ  score  was  associated  with 
the  exposure  to  pack-years  smoking  history  (r  =  0.45.  p  <  0.01 .  and  r  = 
0.83.  p  <  0.0001.  respectively)  but  independent  of  lung  function  or 
exercise  parameters  (6MWD).  CONCLUSIONS:  In  smokers  without 
COPD.  the  abnormal  SGRQ  score  is  due  to  the  noxious  effect  of 
cigarette  smoke,  resulting  in  cough  and  phlegm,  independent  of  its 
physiologic  effects. 

Significance  of  .Abnormal  Chest  Radiograph  Findings  in 
Patients  with  HIV-I  Infection  Without  Respiratory  Symptoms — 

Gold  JA.  Rom  WN.  Harkiii  TJ.  Chesi  :()(i:  May :  1  2  1  (5 ):  1472- 1 477. 

STUDY  OBJECTIVES:  Patients  with  HlV-1  mfeetion  or  AIDS  may 
present  with  abnormal  chest  radiograph  (CXR)  findings  in  the 
absence  of  symptoms  specific  to  the  lung.  The  objective  was  lo 
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determine  the  spectrum  of  disease  and  the  diagnostic  modalities 
employed  in  these  patients.  METHODS:  From  1996  to  1998.  we 
identified  patients  with  HlV-1  infection  presenting  to  the  Bellevue 
Hospital  Chest  Service  with  abnormal  CXR  findings,  and  absence  of 
specific  pulmonary  symptoms.  Charts  were  reviewed  for  presence  of 
constitutional  symptoms.  CD4  lymphocyte  count,  use  of  Pneumo- 
cystis earinii  pneumonia  (PC?)  prophylaxis,  eventual  diagnosis,  and 
all  diagnostic  modalities  employed.  CXR  findings  were  classified 
according  to  their  predominant  abnormalities:  nodules,  infiltrates, 
cavity,  mass,  adenopathy,  or  effusion.  RESULTS:  Forty-four 
patients  were  eligible  for  inclusion.  Eight-six  percent  of  patients  had 
a  CD4  lymphocyte  count  <  200  cells/microL.  and  5T7c  were  receiv- 
ing PCP  prophylaxis.  Nodular  disease  was  the  most  common  radio- 
graphic abnormality  (519c).  followed  by  adenopathy  (17%).  A 
definitive  diagnosis  was  obtained  in  86%  of  the  patients.  The  most 
common  diagnosis  was  tuberculosis  (26%  ),  followed  by  nontubercu- 
lous  mycobacteria  iNTM:  23%)  and  Kaposi  sarcoma  (12%).  No 
patients  had  PCP  or  bacterial  pneumonia.  Sixty-two  percent  of 
patients  required  an  invasive  modality  to  establish  a  diagnosis.  Only 
18%  of  patients  with  tuberculosis  (2  of  1  I  patients)  received  diag- 
noses by  sputum  analysis.  CONCLUSIONS:  Patients  with  HIV-l 
infection,  abnormal  CXR  findings,  and  lack  of  pulmonary  symptoms 
have  a  high  incidence  of  infectious  disorders,  especially  pulmonary 
tuberculosis  and  infection  due  to  NTM.  The  high  prevalence  of 
treatable  and  potentially  communicable  disorders  warrants  an 
aggressive  diagnostic  approach  in  these  patients. 
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New  Liquid  Aerosol  Generation  Devices: 
Systems  That  Force  Pressurized  Liquids  Through  Nozzles 

David  E  Geller  MD 


Introduction 

Nt'«  I>it|iiid  Aerosol  Generators 

Devices  That  Create  an  Aerosol  by  Forcing  Liquids  Through  Nozzles 

The  Respimat 

Kespimat  Deposition  Studies 

Respimat  Clinical  Studies 

Challenges  for  Respimat 
The  AERx  System 

AERx  Deposition  Studies 

AF;Rx  Clinical  Trials:  Systemic  Drugs 

AERx  Clinical  Trials:  Pulmonary  Delivery  for  Lung  Disease 

Challenges  for  the  AERx  System 
Summarv 


Over  the  past  few  decades,  aerosol  delivery  devices  have  been  relatively  inefficient,  wasteful,  and 
difficult  for  patients  to  use.  These  drawbacks  have  been  tolerated  because  the  drugs  available  for 
inhalation  have  wide  therapeutic  margins  and  steep  dose-response  curves  at  low  doses.  Recently 
several  forces  have  converged  to  drive  innovation  in  the  aerosol  device  industry:  the  ban  on 
chlorotluorocarbon  propellants  in  metered-dose  inhalers,  the  need  for  more  user-friendl>  devices, 
and  the  invention  of  e\pensi\e  inhalable  therapies  for  topical  and  systemic  lung  delivery.  Numerous 
devices  are  in  development  to  improve  the  efficiency,  ease  of  use.  and  reproducibility  of  aerosol 
deli\ery  to  the  lung,  including  systems  that  force  liquid  through  a  nozzle  to  form  the  aerosol  cloud. 
The  Kespimat  is  a  no>el,  compact,  propellant-free.  multi-dose  inhaler  that  employs  a  spring  to  push 
drug  solution  through  a  nozzle,  which  generates  a  slow-ni(»ving  aerosol.  Deposition  studies  show 
that  the  Respimat  can  delixer  39-44 9f  of  a  dose  to  the  lungs.  Clinical  asthma  and  chronic  obstruc- 
tive pulmonary  disease  trials  with  bronchodilators  show  that  the  Respimat  is  2-8  times  as  effective 
as  a  metered-dose  inhaler.  Respimat  has  been  tested  with  bronchodilators  and  inhaled  corticoste- 
roids. The  AERx  de\ice  uses  sophisticated  electronics  to  delixer  aerosol  from  a  single-dose  blister, 
using  an  integral,  disposable  nozzle  array.  The  electronics  control  dose  expression  and  titration, 
timing  of  aerosol  generation  >\ith  the  breath,  and  provide  feedback  for  proper  inhalation  techni(|ue. 
Lung  deposition  ranges  from  5(1  to  HO'e  of  the  loaded  dose,  with  remarkable  reproducibilit>.  AERx 
has  been  tested  with  a  variety  of  drugs,  for  both  topical  and  systemic  delivery,  including  rhDNase 
(dornase  alfa),  insulin,  and  opioids.  These  no\el  devices  face  competition  from  other  technologies  as 
well  as  financial  and  regulatory  hurdles,  hut  they  both  offer  a  marked  impro>  ement  in  the  efficiency 
of  pulmonary  drug  deli\ery.  Key  words:  nehidizcr.  nchiiliziitinii.  curosul.  AER.\.  Rispumit.  [Rcspir 
Care  2002:47d2):1392-1404] 
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Aerosol  Generators  That  Forct-:  Ligi'ins  Tiikoiciii  No/zles 


Introduction 

For  the  past  halt  CL-iiturx  llic  dcxices  available  fur  the 
den\eiA  (if  atMosoii/cd  (.Iriigs  to  the  lung  have  iiiekided 
piessuiized  ineteied-dose  inhalers  (pMDIs).  Jet  and  ultra- 
sonic nebulizers,  and  dr\  powder  inhalers  (DPIs).  Each  of 
these  systems  has  benefits  and  drawbacks  w  ith  respect  io 
the  type  of  drug  used  and  the  target  patient  population.  The 
well-recognized  inefficiencies  of  these  devices'  have  not 
been  of  concern  until  recently,  since  most  of  the  aerosol- 
ized drugs  for  topical  lung  deli\er)  (ie.  bronchodilators 
and  anti-inflammatory  agents)  are  inexpen.sive  and  have 
wide  therapeutic  margins.  Ho\\e\er.  o\er  the  past  decade 
there  have  been  many  i.lri\ ing  forces  for  the  innovation  of 
new  inhalablc  drug  formulations  and  desices  to  deliver 
them. 

First,  the  ban  on  chloronuorocarbon  (CFC)  (to  preserve 
the  upper  atmosphere's  ozone  layer)  has  required  pharma- 
ceutical companies  to  seek  alternative  propellants.  The 
pMDl  has  for  decades  been  one  of  the  most  commonly 
prescribed  deli\ery  methods  for  asthma  and  chronic  ob- 
structive pulmonary  disease  (COPD)  drugs,  so  the  ban  on 
CFC  is  a  major  drising  force  for  change  in  the  industry. 
The  basic  design  of  the  pMDl  is  almost  50  years  old,  w  ith 
few  modifications  until  recently.  The  pMDl  was  a  land- 
mark innovation  that  has  had  tremendous  impact  on  in- 
haled drug  delivery,  though  the  problems  with  its  use  are 
well  known.'  The  pMDI  is  relatively  difficult  to  teach  and 
to  use  and  requires  synchronization  of  actuation  and  inha- 
lation to  achieve  successful  lung  deposition.  Pressurized 
MDls  produce  high-velocity  particles  that  impact  in  the 
oropharyn.\  and  cause  adverse  effects.  Drug  delivery  to  the 
lung  with  CFC  pMDIs  is  only  5-20'7f  of  the  label  dose, 
even  w  ith  good  technique.  Children  under  a  few  years  old 
are  incapable  of  mastering  the  pMDI  technique.  To  over- 
come these  difficulties,  several  companies  designed  spac- 
ers and  vaKed  holding  chambers  to  reduce  oropharyngeal 
deposition  and  improve  coordination.  The  ciimpetition  be- 
tween the  companies  that  manufacture  spacers  led  to  a 
huge  body  of  literature  arguing  the  merits  of  the  various 
devices,  leading  to  confusion  among  clinicians  and  pa- 
tients. 

Alternatives  to  the  CFC  pMDl  include  other  propel- 
lants, such  as  hydrotluoroalkane  (HFA),  new  DPIs,  and 
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the  recently  developed  propellant-free  liquid  systems.  The 
HFA  pMF^ls  have  been  redesigned  to  solve  some  of  the 
pidblems  with  the  CFC  devices.  The  plume  has  a  slower 
velocity,  there  is  no  "cold  i-Rt-ioN"  effect,  and  the  last  few 
doses  in  the  canistei  are  delivered  inore  consistently.  Some 
of  the  inhaled  corticosteroids  are  soluble  in  the  HFA  pro- 
pellant/excipient  mixture  and  have  been  engineered  to  de- 
liver small-particle  aerosols  (average  droplet  size  of  only  I 
/xm).  which  improves  lung  deposition  and  decreases  throat 
deposition.-  Other  HFA  forinulations  have  particle  size 
characteristics  similar  to  their  inefficient  CFC  counter- 
parts. Like  CFC  pMDIs,  HFA  pMDls  require  synchroni- 
zation of  the  actuation  and  the  inspiratory  effort,  so  hold- 
ing chambers  may  be  necessary  for  some  patients.  DPIs 
are  also  available  for  many  medications  and  come  in  sin- 
gle-dose and  multiple-dose  formats.  DPIs  are  breath-actu- 
ated and  rely  on  the  patient's  inspiratory  effort  to  deaggre- 
gate  the  powder  into  fine  particles  that  can  be  deposited  in 
the  lung.  DPI  deposition  efficiency  is  in  the  range  of  ap- 
proximately 12-37%,  depending  on  the  device,  the  formu- 
lation, and  the  patient. "*  Since  a  stronger  inspiratory  effort 
is  required  with  cutient  DPIs,  there  is  substantial  oropha- 
ryngeal deposition.  The  difficulties  with  pMDls  and  DPIs 
are  partly  responsible  for  the  development  of  propellant- 
free  liquid  aerosol  systems. 

Another  force  driving  innovation  of  new  aerosol  tech- 
nology is  the  recognition  that  existing  devices  are  either 
inefficient,  difficult  to  use,  or  have  poor  precision  (high 
intra-subject  and  inter-subject  variability).  In  addition  to 
the  above-described  problems  with  pMDIs  and  DPIs,  jet 
and  ultrasonic  nebulizers  waste  drug  by  having  large  dead 
volumes  (ie,  medication  remaining  in  the  nebulizer  after 
nebulization  has  ceased),  by  nebulizing  during  exhalation, 
and  by  forming  polydisperse  aerosols  that  have  a  high 
percentage  of  droplets  too  large  to  reach  the  lung.  With 
most  of  the  available  systems  the  patient  is  not  guided  or 
proiTipted  to  breathe  in  an  appropriate  or  consistent  fash- 
ion, which  increases  variability  of  lung  deposition.  Drugs 
with  large  therapeutic  windows,  such  as  anti-intlammato- 
ries,  /3t  agonists,  and  anticholinergics,  can  be  clinically 
effective  even  when  delivered  by  inefficient  devices,  but 
more  recent  medications  and  novel  therapies  in  develop- 
ment, including  gene  therapies,  are  too  expensive  to  tol- 
erate substantial  waste. 

Nebulizers  are  the  most  time-consuming  method  of  aero- 
sol delivery.  Patients  with  cystic  fibrosis  (CF)  and  other 
chronic  lung  diseases  may  have  numerous  aerosol  medi- 
cations to  use,  which  may  take  up  to  2  hours  daily.  New 
user-friendly  devices  that  reduce  treatment  time  may  im- 
prove patient  compliance  with  therapy  and  thus  improve 
outcomes  and  quality  of  life. 

Finally,  the  need  for  novel  device  development  has  been 
fuefed  by  the  invention  of  innovative  lit|tiid  formulations 
anci  modifications  of  older  formulations  designed  to  use 
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the  large  absurplivc  surlacc  ot  the  peripheral  lung  as  a 
portal  for  systemic  drug  delivery.  These  therapies  include 
peptides,  proteins,  small  iiK)lecules,  hormones,  and  lipo- 
some/drug  suspensions.  Many  of  these  agents  have  a  very 
narrow  therapeutic  index  and  require  a  marked  improve- 
ment in  efficiency  and  precision  of  dosing  to  the  distal 
lung.  DPIs  with  drugs  reformulated  into  easily  dispersible 
powders  with  improved  aerodynamic  properties  have  been 
used  for  systemic  drug  delivery  via  inhalation  (eg,  by  In- 
hale Therapeutics).  However,  for  most  novel  drugs,  liquid 
formulations  are  u.sed  as  a  starting  point  for  development."" 
Many  formulations  have  already  been  used  as  parenteral 
solutions  or  suspensions,  with  known  storage  and  stability 
variables.  The  aerosol  characteristics  of  an  aqueous  com- 
pound are  mostly  controlled  by  the  device  design,  not  by 
the  inhalation  pattern.  Feasibility  studies  to  demonstrate 
the  usefulness  of  inhaling  a  compound  can  proceed  more 
quickly  with  liquid  formulations.  The  new  devices  must 
optimize  aerosol  delivery  to  the  peripheral  lung,  which 
maximizes  the  absorption  of  drug  into  the  bloodstream  and 
minimizes  drug  loss  by  mucociliary  transport.  Also,  the 
intra-subject  and  inter-subject  variability  of  pharmacoki- 
netic variables  should  be  comparable  to  those  of  conven- 
tional methods. 

The  new  aerosol  systems  developed  for  systemic  drug 
delivery  are  so  efficient  that  many  have  been  modified  for 
use  with  topical  airway  drugs  as  well.  Improved  design 
features  of  the  new  devices  include  smaller  device  size  to 
improve  portability,  a  tlow  sensor  to  match  bolus  drug 
delivery  to  the  breathing  pattern,  and  features  that  guide 
the  patient  to  inhale  at  the  proper  tlow  rate.  These  im- 
provements should  improve  dosing  reliability  and  patient 
acceptance. 


drug  waste  during  exhalation,  breath-holding,  coughing,  or 
talking.  However,  they  do  have  substantial  dead  vt)lume. 
Other  new  devices  create  aerosol  by  way  of  a  porous 
membrane  that  vibrates  at  ultrasonic  frequencies.  Exam- 
ples include  Aeroneb,  Aerodose  ( Aerogen.  Mountain  View, 
California),  the  Omron  ultrasonic  nebulizer  (Omron,  To- 
kyo, Japan),  and  the  eFlow  (PARI,  Starnberg,  Germany). 
Electrospray  aerosol  generators,  such  as  that  under  de\el- 
opment  at  BattellePharma  (ColumbLis,  Ohio),  create  a 
nearly  monodisperse.  low-velocity  aerosol  from  a  liquid. 
These  new-generation  devices  are  discussed  in  the  othei 
reviews  in  this  issue  of  Respirator'i  Cari;.  The  remainder 
of  this  review  discusses  the  Respimai  and  AERx.  2  new 
devices  that  produce  an  aerosol  by  lt)rcing  liquids  through 
nozzles. 

Devices  That  Create  an  ,\erosol 
by  Forcing  Liquids  Through  Nozzles 

The  technique  of  forcing  liquid  thi'ough  a  noz/le  to 
create  an  aerosol  is  not  new.  In  the  late  lyth  century, 
antiseptics  were  nebulized  by  this  method  to  treat  tuber- 
culosis. In  the  early  1900s  Ephraim  used  adrenaline  in  a 
perfume  atomizer  to  treat  asthma  and  laryngeal  edema. ^ 
Nasal  spray  bottles  also  use  systems  that  force  the  drug 
suspension  through  a  nozzle.  In  his  contribution  to  this 
Journal  Conference  published  in  the  previous  issue  of 
Respiratory  Care.  Dr  Maclntyre  described  a  new  type  of 
aerosol  generator;  a  multi-channel  catheter  that  passes 
through  an  endotracheal  tube  and  generates  the  aerosol  at 
the  catheter  tip.  within  the  trachea. 


New  Liquid  Aerosol  Generators 


The  Respimat 


Some  of  the  recently  introtiuced  devices  are  improved 
versions  of  jet  nebulizer  technology.^  For  example,  the 
AeroEclipse  (Monaghan  Medical,  .Syracuse,  New  York)  is 
a  compressor-driven,  breath-actuated  nebulizer.  The  breath 
actuation  is  controlled  by  a  mechanical  spring  device  and 
helps  minimize  drug  waste  during  exhalation.  The  Halo- 
Lite  (Profile  Therapeutics,  West  Sussex,  United'Kingdom) 
is  also  a  breath-actuated  nebulizer;  it  uses  adaptive  aerosol 
delivery  to  electronically  monitor  the  patient's  breathing 
pattern,  then  delivers  a  pulse  of  aerosol  to  the  first  50%  of 
each  inhalation.  A  pre-set  dose  is  delivered  with  each  but- 
ton push  of  the  HaloLite  system.  The  AKITA  (InAMed, 
Miinchen-Gauting,  Germany )  delivery  system  incorporates 
conventional  jet  nebulizers,  but  directs  the  patient  to  take 
slow,  deep  breaths  and  only  delivers  aerosol  during  inha- 
lation. These  devices  match  drug  output  to  the  patient's 
rcspirator\  pattern,  may  increase  lung  dose,  anti  minimize 


The  Respimat  (Boehringer  Ingelhcim.  Ingclhcim  am 
Rhein.  Germany)  is  a  novel,  propellant-tree.  hand-held, 
multi-dose  inhaler  that  has  the  con\  enience  of  a  pMDl  but 
offers  better  particle  characteristics  and  ease  of  use  (Fig. 
I).  Application  lor  regulatory  approval  of  the  Respimat 
will  be  submitted  in  Germany  and  other  coiuiiries  soon. 

The  Respimat  generates  a  sk)\>i -moving  aerosol  ("solt 
mist")  from  a  metered  dose  of  drug,  using  the  mecluinical 
power  of  a  spring.  The  qualities  of  the  aerosol  produced 
are  not  dependent  on  propellants  or  inspiratoiy  effort  (un- 
like pMDIs  and  DPIs,  respectively).  The  Respimat  does 
not  require  a  spacer,  battery,  or  outside  electiic  power 
source.  The  liquid  in  the  cartridge  is  a  sokuion.  not  a 
suspension,  so  no  shaking  is  required.  The  Respimat  is 
reusable  for  the  life  of  3  replacement  cartridges. 

Figure  2  show  s  a  diagram  of  the  Respimat.  The  patient 
primes  the  device  hv  I'otating  the  base  ISO  degrees,  which 
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Fig.  1.  The  Resplmat  soft-mist  inhaler.  (Courtesy  of  Boehringer 
Ingelheim,  Ingelheim  am  Rhein,  Germany.) 


( I )  i-onipresses  the  spring,  thereby  storing  energy  for  ac- 
tuation, and  (2)  lowers  the  capillary  tube  by  a  precise 
distance,  to  draw  up  a  metered  dose  into  the  pumping 
chamber.  The  \okime  of  the  dose  is  1 1-15  /uL.  depending 
on  the  drug.  .A  non-return  vahe  presents  the  drug  from 
returning  to  the  cartridge.  The  patient  then  inhales  slow  ly 
from  the  mouthpiece  and  pushes  the  dose-release  button, 
which  unleashes  the  tension  in  the  spring  and  forces  the 
drug  thrinigh  a  nozzle  system  called  a  "uniblock." 

The  uniblock  (Fig.  3)  measures  appro.ximately  2  X  2.5 
mm  and  consists  of  a  silicone  wafer  sandwiched  to  a  glass 
plate.  A  photolithographic  technique  is  used  to  etch  filter 
channels  into  the  silicone.  Two  small,  opposing  channels 
at  a  carefully  controlled  angle  form  the  exit  of  the  uniblock. 
such  that  the  2  converging  jets  of  liquid  impact  and  form 
a  soft  mist  (see  Fig.  3b). 

So  far,  the  drugs  studied  with  the  Respimat  have  been 
those  commonly  used  for  asthma  and  COPD.  The  bron- 
chodilators  fenoterol  and  ipratropium  bromide  are  aqueous 
drug  solutions  contained  in  multi-dose  cartridges.  The  cor- 
ticosteroid flunisolide  is  dissolved  in  967c  ethanol.  The 
fine  particle  fraction  produced  by  the  latest  version  of 
Respimat  is  about  66%  with  the  aqueous  solutions  and 
819f  with  the  ethanol  solutions,  which  is  higher  than  that 
of  corresponding  CFC  pMDIs.'" 

The  aerosol  velocity  from  the  Respimat  is  about  one 
fifth  of  that  from  a  CFC  pMDI.  The  duration  of  aerosol 
generation  is  about  1.2  seconds  for  aqueous  solutions  and 
1.6  seconds  for  ethanol  solutions.^  Though  the  Respimat 
requires  synchronization  of  inspiration  with  actuation,  the 
low  velocity  of  the  aerosol  allows  c\en  poorly  coordinaictl 
patients  to  capture  the  aerosol  with  a  slow,  deep  inspiration. 


Respimat  Deposition  Studies 

Gamma  scintigraphy  is  a  mclhoil  lor  assessing  lung  dep- 
osition of  inhaleil  drugs.  Scintigraphic  studies  have  been 
carried  out  for  the  Respimat  with  fenoterol  (a  ^^  agonist, 
not  available  in  the  United  States)  and  flunisolide.'*  These 
studies  were  done  with  healthy  volunteers  and  compared 
Respimat  to  a  pMDI  with  and  without  a  holding  chamber. 
A  randomized,  3-way  crossover  study  was  performed  to 
compare  fenoterol  deposition  with  Respimat.  pMDI.  and 
pMDI  with  an  Aerochamber."  Lung  deposition  values  were 
39.2  ±  12.7%,  11.0  ±  4.9%.  and  9.9  ±  3.4%  of  the 
nominal  dose,  respectively.  The  Respimat  showed  less  oro- 
pharyngeal deposition  than  the  pMDl  (37.1  vs  71.7%).  but 
the  pMDI  plus  AeroChamber  had  the  lowest  oropharyn- 
geal deposition  (3.6%). 

Deposition  of  flunisolide  was  compared  with  the  Respi- 
mat and  a  pMDI  with  an  Inhacort  spacer.'*  Lung  deposition 
was  44.6  ±  7.9%  with  Respimat  and  26.4  ±  6.2%  with  the 
pMDI  plus  spacer.  Oropharyngeal  deposition  was  26.2% 
and  31.2%,  respectively.  In  a  prior  study,  with  a  pMDI 
withoutaspacer,  the  flunisolide  lung  deposition  was  15.3  ± 
5.19!-.  with  oropharyngeal  deposition  of  66.9%.'"  Thus 
the  Respimat  reduced  oropharyngeal  deposition,  eliminated 
the  need  for  a  spacer  device,  and  increased  lung  deposi- 
tion, compared  with  either  MDI  or  pMDI  with  holding 
chamber. 

Respimat  Clinical  Studies 

Though  they  can  be  used  to  compare  device  perfor- 
mance, in  \itio  and  deposition  studies  are  not  enough  to 
prove  that  one  device/drug  combination  is  superior  to  an- 
other in  the  clinical  setting.  Therefore,  several  clinical  tri- 
als with  asthma  and  COPD  patients  were  pertormed  to 
compare  the  Respimat  to  a  CFC  pMDI."  The  studies  us- 
ing bionchodilators  had  Ihe  premise  that  lower  do.ses  with 
the  Respimat  would  be  equivalent  to  higher  doses  with  the 
pMDI.  VanNoord  et  al'-  studied  62  stable  adult  asthmat- 
ics, using  a  single  dose  of  fenoterol  from  either  the  Respimat 
(range  12.5-200  ^JLg  per  dose)  or  CFC  pMDI  ( 100  or  200 
;u.g  per  dose).  The  forced  expiratory  volume  in  the  first 
second  (FEV, )  response  was  measured  over  a  6-hour  pe- 
riod. This  dose-ranging  study  showed  that  the  12.5  and  25 
jug  doses  with  the  Respimat  were  therapeutically  equiva- 
lent to  the  100  fxg  dose  with  the  pMDI.  All  Respimat  doses 
were  therapeutically  equivalent  to  the  200  /xg  dose.  A 
similar  study  by  Goldberg  et  al"  examined  the  broncho- 
dilator  response  w  iih  a  single  dose  of  a  formulation  con- 
taining fenoterol  and  ipratropium  bromide.  That  study 
showed  that  the  Respimat  had  a  log-linear  dose-response 
relationship,  as  in  the  \anNoord  study.  It  also  showed  that 
the  bionchodilators  administered  with  the  Respimat  were 
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Fig.  2.  Components  of  the  Respimat.  (Courtesy  of  Boehringer  Ingelheim,  Ingelheim  am  Rhein,  Germany.) 


therapeutically  similar  to  the  pMDI  at  one  quarter  to  one 
eighth  the  dose.  Pharmacokinetic  analysis  also  showed  a 
2-fold  greater  systemic  availability  with  the  Respimat  than 
with  the  pMDI.  As  in  most  studies,  there  was  a  high  inter- 
subject  variability  in  FEV,  response.  The  safety  profiles  were 
similar  between  therapeutically  equivalent  doses. 

Other  studies  with  the  combination  of  fenoterol  and 
ipratropium  bromide  via  the  Respimat  with  asthmatics  us- 
ing cumulative  doses  (simulating  doses  used  during  acute 
exacerbations)  have  shown  similar  results.  A  study  of  43 
adult  asthma  patients  showed  that  cumulati\e  doses  from 
the  Respimat  produced  therapeutic  equi\alcnce  at  hall  the 
dose  of  the  plMDI.'-*  There  was  no  paradoxical  broncho- 
spasm  with  repealed  doses  in  either  de\  ice  in  that  study.  A 
pediatric  stud)  of  461  asthmatic  children  between  the  ages 
of  5  and  15  showed  a  similar  relationship  w  ith  single  doses 
of  drug.' ^  Subjects  were  treated  for  4  weeks  with  fenoterol 
and  ipratropium  bromide  \ia  the  Respimat  or  pMDI  plus 
Aerochamber.  The  FEV,  response  on  the  final  study  day 
showed  that  the  Respimat  was  twice  as  effective  as  the 
pMDI  with  holding  chamber. 

Clinical  trials  have  also  been  performed  with  COPD 
patients  with  either  ipratropium  bromide  alone  or  in  com- 
bination with  fenoterol.  In  each  case  the  findings  were 
similar  to  those  of  the  asthma  studies:  that  is.  the  Respimat 
was  as  effective  at  hall  the  dose  of  the  pMDI.  .Safety 
profiles  were  also  similar  between  devices.'*'-"* 


Challenges  for  Respimat 

The  Respimat  has  solved  many  of  the  problems  of  pMDIs, 
DPIs.  and  nebulizers.  It  is  small,  portable,  and  does  not 
require  a  power  source.  It  produces  a  slow-mov ing  cloud 
with  a  high  proportion  of  fine  particles,  which  reduces 
mouth  and  throat  deposition  and  allows  a  higher  propor- 
tion of  the  emitted  dose  to  be  delivered  to  the  lungs.  It  is 
also  propellant-free  and  thus  does  not  contribute  to  ozone 
depletion  or  global  warming. 

However,  the  Respimat  still  requires  a  degree  of  hand/ 
breath  synchronization.  The  patient  must  be  inhaling  when 
the  device  is  activated,  though  v\ith  the  Respimat  the  ""soft 
mist"  is  produced  over  a  longer  period  of  time  than  a 
pMDl.  making  it  easier  for  the  patient  to  capture  the  aero- 
sol during  inspiration.  The  Respimat  will  have  competition 
from  DPI  and  HFA  pMDI  preparations  of  the  same  or 
similar  drug  combinations.  The  budesonide  Turbuhaler  can 
deposit  up  to  ?i5'"r  of  the  nominal  dose  in  the  lung.'''  The 
newer  HIA  pMDI  beclomethasone  has  been  shown  to 
deposit  more  llian  50%  of  the  initial  dose  in  the  lung.-  The 
introduciion  of  a  new  aerosol  delivery  technology  in  the 
United  States  may  face  stiff  competition  from  devices  that 
are  already  familiar  to  physicians  and  patients. 

Perhaps  the  largest  challenge  for  Respimat  is  that  there 
has  been  grow  ing  concern  reganling  the  use  of  preserva- 
tives in  drug  loi  inulalions.  Multi-dose  lii|uid  tormulations 
need  preservatives,  and  Respimat  is  a  niiilli-dose  device. 
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Nozzle  outlet 


Detail  ofiinibhck  shown  at  increased  macinificotion  below 


B 


Schematic  diagram  showing  how  the  uniblock  produces  the  soft  mist 


Fig.  3.  A:  Uniblock  nozzle  design.  B:  The  2  liquid  jets  exiting  the  uniblock  nozzles  converge  to  form  a  soft  mist.  (Courtesy  of  Boehringer 
Ingelheim,  Ingeltieim  am  Rhein,  Germany.) 


Aqueous  Respiiiiat  sdlutioiis  are  presei\cd  with  ben/alko- 
nium  chloritle  and  ethylenediaminetetraacetic  acid 
(EDTA).  which  ha\e  been  implicated  in  causing  paradox- 
ical bronchoconstriction  in  asthmatics.""  The  inhalable  ste- 
roid used  in  Respimat  is  preserved  and  stabilized  with 
96rr  ethanol.  which  has  also  been  implicated  in  causing 
bronchospasm.-'  Even  so.  studies  with  the  Respimat  and 
asthmatic  patients  w  iih  substantial  bronchial  hyperactivity 
have  shown  it  to  be  well  tolerated.--  The  dose  of  ben/.a- 
Ikonium  chloride  inhaled  with  se\eral  puffs  of  an  aqueous 
Respimat  solution  is  still  ctinsiderably  lower  than  ihal  in 


some  of  the  available  ncbuli/cr  preparations  in  the  United 
States.  However,  there  has  been  increased  interest  in  ban- 
ning preservatives  from  inhaled  drugs.-'  The  current  reg- 
ulatory environment  favors  sterile,  unit-dose  drugs  without 
preservatives,  so  the  Respimat  ma\  face  this  hurdle  in  the 
United  States. 

The  AERx  System 

The  AERx  (Aradigm.  Hayward.  California)  is  an  elec- 
tronic microprocessor-controlled  device  designed  [o  pro- 
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Fig.  4.  The  AERx  system.  (Courtesy  of  Aradigm,  Hayward,  California.) 


Table  I.       Therapeutic  Agents  Deli\ered  by  the  AERx  System 


Systemic  Delivery 


Topical  Delivery 


Proteins  and  peptides 

-  Insulin 

-  Interferon  a2B 
Small  molecules 

-  Morphine,  fentanyl 

-  Testosterone 


Proteins  and  peptides 

-  rhDNase 

-  IL-4  Receptor 
Nucleotide 

-  INS365 

Gene  therapy  \eclors 


rhDNase  =  recomhinum  liunian  den\\ribunucleasc  idomase  alfa). 
11.  =  inlerleukin 


vide  preci.se  dosing  of  iic|tiid  t'oiniuiations  to  tine  lung.  \\ itii 
a  wide  variety  of  tlierapeutic  agents.-"*  In  order  to  achieve 
a  higfi  level  of  precision  and  drug  targeting  to  the  lung,  the 
AER.\  controls  all  aspects  of  the  dosing,  including  the 
generation  of  the  aerosol  and  the  patient's  inhalation  pat- 
tern. The  AERx  device  (Fig.  4)  is  a  hand-held,  battery- 
powered,  unit-dose  system.  The  electronics  function  in 
several  ways  to  improve  dose  precision  and  consistency, 
by  (1)  conditioning  entrained  air  with  a  heating  unit  to 
reduce  the  influence  of  ambient  conditions.  (2)  providing 
dose  titration  capability.  (3)  giving  feedback  to  the  patient 
foi  proper  inhalation  technique  and  breath-holding  time, 
and  (4)  releasing  a  dose  only  if  the  patient's  inhalation  fits 
pre-.set  flow  and  volume  targets.  The  AERx  can  also  mon- 
itor dose  times  and  frequency,  download  the  information 
to  the  clinician,  and  pro\ide  safeguards  against  unautho- 
rized use. 

The  AERx  device  was  initially  developed  for  noninva- 
sive drug  delivery  for  systemic  diseases.  However,  the 
precision  of  the  device  has  also  proven  effective  for  use 
with  topical  drugs  to  treat  pulmonary  diseases.  Table  1 
lists  therapies  that  have  been  deli\ered  with  the  AERx 


device,  incltiding  peptides,  proteins,  hormones,  and  small 
molecules. 

With  the  AERx  the  drug  is  contained  in  a  single-use. 
multi-layer,  laminated  dose  blister  that  consists  of  a  drug 
reservoir  and  a  burstable-seal  layer  with  a  slot  that  directs 
drug  through  a  nozzle  array  (Figure  5A).  The  nozzle  con- 
sists of  a  number  of  small  laser-drilled  holes  approximately 
1  /Lim  in  diaiTieter.  Since  the  nozzle  array  is  incorporated  in 
the  dose  blister,  it  is  used  only  once,  thus  a\oiding  clog- 
ging issues,  which  improves  the  reproducibility  and  reli- 
ability of  aerosol  production.  Each  dose  blister  holds  ap- 
proximately 45  jLiL  of  liquid.  In  the  case  of  higher  dose 
requirements,  the  dose  blisters  can  be  manufactured  in  a 
strip  so  that  after  one  dose  is  inhaled  the  next  one  is 
automatically  loaded. 

The  AERx  incorporates  sophisticated  technology  to  de- 
liver aerosol  during  a  pre-set  portion  of  inspiration  and 
only  when  conditions  are  ideal  (Fig.  6).  The  dose  blister  is 
inserted  into  the  strip  guide,  which  advances  it  to  the  ex- 
trusion mechanism.  The  blister  is  held  by  a  clamp  that 
seals  the  perimeter  to  ensure  a  controlled  release  of  drug. 
The  blister  is  pt)sitioned  above  a  piston  mechanism  driven 
by  an  electrical  motor,  which  is  capable  of  up  to  .50. ()()() 
actuations  over  the  life  of  the  de\  ice.  k  temperature  con- 
troller heats  the  air  to  control  temperature  and  relative 
humidity.  This  reduces  the  aerosol  pailicle  size  variabiliiv 
that  can  be  caused  by  ambient  air  conditions. 

A  pressure-sensing  system  located  near  the  temperature 
controller  measures  the  inspiratory  flow  and  inhaled  vol- 
ume. The  patient  is  guided  to  inhale  at  the  desired  flow 
rate  b_\  visual  feedback  from  a  display.  When  the  AERx 
senses  the  proper  flow  rate,  the  motor/cam/piston  assem- 
bly mechanicallv  pressurizes  the  blister  dose  and  extrudes 
the  drtig  through  the  nozzle  array.  The  aerosol  produced  is 
entrained  in  ihe  inspired  air  (Fig.  7).  The  display  screen 
then  prompts  the  patient  to  hold  the  breath  for  a  cotint  ol 
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Fig.  5.  A:  The  AERx  dose  blister  is  a  multilayer  laminate  designed  to  force  a  liquid  formulation  through  a  nozzle.  B:  The  nozzle  is  integral 
to  the  dose  blister  and  consists  of  an  array  of  ^-^lm  holes  that  produce  a  fine-particle  mist.  (Courtesy  of  Aradigm,  Hayward,  California.) 


5-10  seconds.  The  dose  is  expressed  over  appro.ximately 
1.5  seconds.  More  than  90%  of  the  particles  are  between  1 
and  3  /J.m.  The  aerosol  is  nearly  monodisperse,  with  a 
geometric  standard  deviation  ranging  from  1 .2  to  1 .5  /xm. 
depending  on  the  drug  and  de\'ice  prototype.  These  char- 
acteristics of  the  AERx  are  ideal  to  achieve  low  oropha- 
ryngeal deposition  and  high  peripheral  lung  deposition. 
The  motor  in  the  AERx  also  has  a  position-sensing  system 
that  allows  increments  of  a  dose  blister  to  be  administered. 
For  example,  the  patient  can  set  the  AERx  to  deliver  one- 
unit  increments  of  insulin,  allowing  accurate  dose  titration 
by  the  patient.  The  nozzle  array  design  and  the  timing  of 
aerosol  release  can  be  changed  to  target  the  central  lung 
regions  for  topical  airway  applications.  By  controlling  the 
conditions  of  dose  expression  and  managing  the  inhalation 
and  delivery  process,  the  AERx  can  provide  the  level  of 
dose  reproducibility  that  is  required  for  a  drug  with  a 
narrow  therapeutic  index. 


AERx  Deposition  Studies 

Gamma  scintigraphy  studies  with  normal  volunteers  and 
asthinatics  have  shown  deposition  efficiency  of  50-80% 
with  various  AERx  priitotypes.  The  electronics  that  mon- 
itor the  patient  inhalation  profile  prior  to  dosing  are  similar 
to  those  of  an  earlier  device,  the  SmartMist.  developed  by 
Aradigm,  which  provided  reproducible  actuation  of  a  pMDl 
at  a  pre-programmed  point  during  inspiration.-^  A  study 
with  normal  human  subjects  coinpared  lung  deposition 
with  the  SmartMist  pMDI  and  the  AERx.-'^  The  Sinart- 
Mist's  average  deposition  fraction  was  21.7%  (well  above 
a  typical  CFC  pMDI).  and  the  AERx  averaged  53.3%.  The 
pMDl  produced  a  high-velocity  aerosol  with  throat  depo- 
sition of  42%,  versus  only  6.97r  with  the  AERx.  In  another 
study,  a  radiolabeled  protein  was  delivered  with  the  AERx 
device  or  a  vented  nebulizer  (the  PARI  LC  Star)  to  4 
asthma  patients."^  The  AErx  averaged  80%   lung  dose. 
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Fig.  6.  Components  of  the  AERx.  (Courtesy  of  Aradigm,  Hayward,  California.) 
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Fig.  7.  Drug  extrusion  process  with  the  AERx.  (Courtesy  of  Aradigm,  Hayward.  California 
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compared  to  33.6'7r  with  the  PARI  (Fig.  8).  Even  more 
impres.sive  was  the  exiremely  low  coetTicient  of  variation 
v\iih  the  AERx.  which  v\as  only  3'^.  compared  to  23% 
v\ iih  Ihc  PARI.  Tiie  reproducihiiity  of  king  dehxeiy  is  far 
belter  with  the  AERx  than  with  a  pMDI,  DPI,  or  nebulizer/ 
compressor  system. 

AERx  Clinical  Trials:  Systemic  Drugs 

A  number  of  therapeutic  agents  have  been  used  or  con- 
sidered for  use  with  the  AERx.  for  either  systemic  or 
topical  use.  Traditional  delivery  routes  for  systemic  agents 
include  oral,  transmucosal  (rectal,  buccal,  nasal),  transder- 
mal, intrascnous.  intramuscular,  and  subcutaneous.  .Some 


drugs  are  broken  down  in  the  gut.  and  some  molecules  are 
too  large  to  be  absorbed  efficiently  through  the  skin  or 
mucosa.  The  large,  absorptive,  alveolar-capillary  surface 
of  the  peripheral  lung  provides  an  attractive  alternative  to 
other  delivery  methods  for  large  or  small  molecules.  The 
advantage  of  inhaling  systemically  active  agents,  versus 
intravenous,  intramuscular,  or  subcutaneous  administra- 
tion, is  the  elimination  of  injections.  The  advantages  of 
inhalation  over  oral  or  transmucosal  delivery  are  faster 
onset  of  action,  precise  dose  titration,  and  high  bioavail- 
ability. The  2  indications  for  which  the  AERx  has  been 
most  studied  are  pain  control  with  inhaled  opioids  (mor- 
phine and  fentaiiN'll  and  diabetes  irealmcnt  with  inhaled 
insulin.  Pharmacokinetic.  pharmacoiK  iiamic.  efficacN .  and 
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Fig.  8.  Gamma  camera  Images  of  interleukin  (IL-4)  receptor  in  an  asthmatic  show  much  greater  lung  deposition  and  more  even  distribution 
with  the  AERx  than  with  the  PARI  LC  Star  nebulizer.  {Courtesy  of  Aradigm,  Hayward,  California.). 


safety  studies  have  been  performed  with  these  drugs  de- 
livered by  the  AERx  device. 

Early  studies  of  nebulized  opioid  inhalation  for  dyspnea 
had  mixed  results,  but  there  was  good  evidence  of  anal- 
gesia, as  reviewed  by  Otulana  and  Thippawong.^**  The 
level  of  pain  control  with  inhaled  opioids  was  directly 
related  to  the  efficiency  of  the  nebulizer  system.  Bioavail- 
ability is  very  low  with  traditional  nebulizer  systems,  but 
the  .AERx  can  produce  small  particles  in  a  controlled  in- 
halation to  maximize  systemic  absorption.  Pharmacoki- 
netic studies  with  morphine  or  fentanyl  with  the  AERx 
device  in  healthy  volunteers  have  shown  systemic  bio- 
availability ranging  from  59  to  95%.-'"^-  In  one  of  these 
studies'"  the  in  \  itro  measurements  showed  that  the  AERx 
had  an  emitted  dose  of  78%  and  a  mass  median  aerody- 
namic diameter  ±  geometric  standard  deviation  of  2.6  ± 
1.3  /xm.  The  10  subjects  in  that  study  had  a  mean  bio- 
availability of  15'/( .  showing  close  agreement  with  the  in 
vitro  data.  The  pharmacokinetic  profile  of  inhaled  opioids 
with  the  AERx  was  similar  to  intravenous  administration 
in  each  of  these  studies,  with  rapid  peak  serum  levels  and 
a  short  half-life  (Fig.  9). 

To  date.  o\er  120  patients  have  been  treated  with  in- 
haled opioids  v\ith  the  AERx  Pain  Management  System. 
Boyle  et  al  used  the  AERx  system  to  deliver  fentanyl  tt) 
patients  v\  iih  pain  from  ad\  anced  cancer,  and  shov\ed  good 
analgesia  in  all  patients,  with  average  pain  control  within 
10  min  of  administration."  A  recent  Phase  2  study  with 
morphine  showed  greater  and  faster  analgesia  than  imme- 
diate-release oral  morphine  in  patients  with  breakthrough 
cancer  pain.'''  Two  other  studies  of  morphine  delivered  by 
the  AERx  to  patients  with  orthopedic  postoperative  pain 
showed  pain  relief  and  onset  of  action  comparable  to  in- 
travenous morphine.  ''^"'  The  AERx  Pain  Management  Sys- 
tem's safety  features  include  patient  identification  keys 
and  physician-set  lockouts  to  prevent  unauthorized  access. 
These  studies  demonstrate  the  potential  to  control  acute 


and  breakthrough  pain  with  opioid  inhalation  from  a  pre- 
cise dosing  system  such  AERx. 

Diabetes  affects  150  million  people  worldwide.  It  has 
been  deinonstrated  that  tighter  control  of  blood  glucose 
levels  in  both  type  1  and  type  2  diabetes  results  in  better 
long-term  outcomes.'^"*  However,  better  glycemia  control 
means  more  insulin  injections  per  day.  which  may  be  an 
inconvenience  or  burden  to  some  patients.  Therefore  in- 
sulin inhalation  has  been  investigated  with  new  aerosol 
devices,  including  AERx."*  Data  from  healthy  volunteers 
show  faster  insulin  absorption  via  inhalation  than  via  the 
subcutaneous  route,  but  more  insulin  is  required  to  achieve 
the  same  effect.-*"  Insulin  is  a  large  molecule,  and  not  all 
the  insulin  deposited  in  the  lung  is  absorbed.  But  inhaling 
deeply  rather  than  with  a  shallow  breath  results  in  much 
faster  absorption  of  insulin,  perhaps  because  of  better  pe- 
ripheral lung  deposition.-"  Kipnes  et  al  reported  insulin 
pharmacokinetic  and  pharmacodynamic  responses  after  a 
standard  meal  in  type  1  diabetics.^-  The  mean  system  ef- 
ficiency relative  to  subcutaneous  dosing  was  16-17%, 
which  is  comparable  to  or  better  than  other  new  aerosol 
systems.  The  time  to  peak  insulin  level  was  41  min  shorter 
than  with  subcutaneous  administration.  Thus,  dosing  just 
prior  to  a  meal  is  possible  with  the  AERx.  whereas  a 
subcutaneous  dose  must  be  given  30-40  inin  before  a 
meal. 

Another  study  of  type  I  diabetics  showed  a  clear  dose- 
response  curve  with  the  AERx  system,  and  intra-subject 
variability  similar  to  subcutaneous  insulin  administration.-" 
demonstrating  the  reliability  and  precision  of  dosing  with 
the  AERx.  Finally,  a  recent  12-week  study  o{  107  people 
with  type  2  diabetes  showed  equivalent  responses  with 
short-acting  insulin  delivered  thrice  daily  with  meals  either 
via  inhalation  with  the  AERx  system  or  via  the  subcutaneous 
route.-"  As  with  all  the  clinical  trials  with  inhaled  insulin, 
patients  still  required  a  nighttime  subcutaneous  dose  of  long- 
actinc  insulin.  Therefore,  the  use  of  inhaled  insulin  vv  ith  meals 
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Fig.  9.  Pharmacokinetic  profile  of  morphine  delivered  via  AERx  Is  similar  to  intravenous  administration.  (From  Reference  28.  with 
permission.). 


ciui  result  in  tight  glycemia  control  while  reducing  the  num- 
ber of  injections  to  one  per  day. 

AERx  Clinical  Trials:  Pulmonary  Delivery  for  Lung 
Disease 

Most  inexpensive  asthma  drags  with  a  wide  therapeutic 
index  may  not  require  the  dose  precision  and  efficiency  of  the 
AERx.  However,  there  are  a  number  of  expensive  dnigs  avail- 
able and  in  development  that  could  be  delivered  topically 
with  the  AERx  to  treat  lung  disorders.  Efficient  and  rapid 
aerosol  delivery  systems  are  needed  for  chronic  disorders 
such  as  CF  that  require  daily  therapy  with  numerous  inhaled 
drugs.  And  there  will  be  more  such  drugs  in  the  future. 

One  expensive  biotechnology  prt)ducl  used  for  CF  is 
rliDNase  (dornase  alfa  or  Pulmozyme).  which  reduces  spu- 
tum stickiness  and  thus  aids  in  sputum  clearance.  Using  a 
standard,  approved  nebulizer  may  take  10-15  min  (per  2.5 
mg  dose)  and  deposit  only  6-31%  of  the  dose  in  the  lung.'*-'' 
A  proof-of-concepl  study  with  the  AERx  and  16  CF  pa- 
tients with  moderately  severe  lung  di.sease  showed  that 
FEV|  improvement  averaged  9.99^  after  2  weeks  of  daily 
bolus  inhalation  of  rhDNase  ( 1.^5  mg  in  only  3  breaths).'*'' 
That  was  the  first  report  of  bolus  inhalation  of  a  protein 
used  for  topical  airway  application. 

Another  drug  with  potential  for  CI-',  chronic  bronchitis. 
and  COPD  is  INS-365.  which  is  a  uridine  triphosphate 
analogue  thai  binds  the  P2Y2  receptor  in  airway  cells. 


Activation  of  the  receptor  triggers  chloride  secretion  and 
increases  ciliary  beat  frequency,  which  promotes  airway 
clearance.  It  is  thought  that  a  high  lung  dose  (about  10  mg) 
of  lNS-365  is  necessary  to  be  effective,  making  it  a  chal- 
lenging drug  to  administer  by  bolus  technique.  The  AERx 
dose  blister  can  only  hold  50  jliL  of  fluid,  which  would 
necessitate  a  high  concentration  of  drug  in  the  blister. 
Fortunately.  lNS-365  is  highly  soluble.  Though  the  vis- 
cosity is  greater  at  higher  concentrations,  the  AERx  was 
able  to  deliver  more  than  10  mg  INS-365  (240  mg/niL)  in 
only  2  inhalations. ■'^  CuiTently  rhDNase  and  INS-365  are 
not  being  commercially  developed  for  the  AERx.  but  the 
latter  studies  demonstrate  that  the  AERx  can  efficiently 
deliver  such  drugs  to  the  airways. 

Challenges  for  the  AERx  System 

The  AERx  measures  the  inhaled  flov\  brietly  before 
aerosolizing  a  dose  over  about  1 .5  seconds.  Thus,  to  inhale 
a  full  dose  from  the  blister  a  patient  must  have  a  minimum 
vital  capacity  of  1.5  L.  This  prohibits  the  use  of  the  AERx 
with  young  children  or  older  patients  with  restrictive  or 
severe  obstructive  lung  disease,  so  modifications  will  be 
necessary  before  those  populations  can  benclil  from  the 
AERx. 

Some  drugs,  such  as  anli-proteases  and  aminoglyco- 
sides, require  a  large  lung  dose  to  he  effeclixe.  Since  the 
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AERx  dose  tbrm  only  holds  50  juL.  it  is  not  ;i  \  iiihic  option 
tor  some  drugs  that  are  not  stable  at  high  concentrations. 
Opioids  delivered  with  the  AERx  provide  pain  relief 
similar  to  intravenous  administration,  with  taster  onset  of 
action  than  oral  or  transmucosal  administration.  However, 
it  is  likely  that  the  expense  of  the  AERx  Pain  Management 
System  v\  ill  substantially  exceed  that  of  the  other  admin- 
istration routes.  Even  if  AERx  is  approved  for  morphine 
and  fentanyl  delivery,  there  is  no  guarantee  that  it  will  be 
reimbursed  by  third-party  payors.  The  .^ERx  also  faces 
competition  in  the  diabetes  arena.  Insulin  pumps  already 
provide  strict  glycemia  control  without  multiple  injections. 
A  number  of  other  insulin  delivery  systems  are  in  devel- 
opment, including  DPls  and  liquid  aerosol  systems  for 
inhalation,  oral  ingestion,  and  transmucosal  methods.  Reg- 
ulatory concerns  about  the  safety  of  inhaled  insulin  may 
delay  approval  long  enough  for  other  technologies  to  "catch 
up,"  including  islet  cell  transplantation,  which  may  elim- 
inate the  need  for  insulin.  This  could  be  financially  dev- 
astating for  the  companies  investing  considerable  resources 
in  inhalable  insulin  research.  Nevertheless,  there  will  be 
many  inhalable  therapeutics  for  both  topical  and  systemic 
delivery  that  will  require  the  efficiency  and  precision  of 
devices  such  as  AERx. 

Summary 

Aerosol  delivery  technology  was  stagnant  until  the  past 
decade  or  so,  when  several  forces  ignited  the  fires  of  in- 
novation in  the  industry.  In  the  coming  years  we  are  likely 
to  see  several  new  drug/device  products  that  will  improve 
aerosol  deli\  ery  efficiency  and  be  much  more  user-friendly. 
The  Respimat  solves  many  of  the  problems  with  DPIs  and 
pMDIs.  by  producing  small  particles  in  a  slow-moving 
cloud.  Because  of  its  superior  efficiency.  Respimat  can 
deliver  asthma  and  COPD  drugs  at  lower  nominal  doses 
while  maintaining  efficacy  and  safety.  The  AERx  system 
can  deliver  a  wide  variety  of  liquid  formulations  for  top- 
ical airway  or  systemic  delivery.  The  dose  accuracy  and 
reproducibility  of  the  AERx  allow  inhalation  delivery  of 
drugs  that  ha\e  narrow  therapeutic  windows.  Both  AERx 
and  Respimat  face  regulatory,  financial,  and  competition 
obstacles,  but  both  technologies  hold  considerable  promise 
to  improve  the  lives  of  patients. 

REFERENCES 

1 .  Ganderton  D.  Targeted  delivery  of  inhaled  dnigs:  current  challenges 
and  future  goals.  J  Aerosol  Med  1 999;  12  Suppl  LS.'^-SS. 

2.  Leach  CL.  Davidson  PJ.  Hasselquist  BE.  Boudreau  RJ.  Lung  depo- 
sition of  hydrotluoroalkane-l34a  beclomethasone  is  greater  than  that 
of  chlorotluorocarbon  fluticasone  and  chlorofluorocarbon  be- 
clometha.sone:  a  cross-over  study  in  healthy  volunteers.  Chest  2002: 
I22(2):5I0-5I6. 

3.  Dolovich  M.  Nev^'  propellant-free  technologies  under  investigation.  J 
Aerosol  Med  1999:12  Suppl  l:S9-SI7. 


4.  Conway  J.  Nebuliser  design:  advances  to  improve  disease  therapy 
and  patient  acceptability.  In:  Dalby  RN.  Byron  PR.  Peart  J.  Farr  SJ, 
editors.  Respiratory  drug  delivery  VIII.  Raleigh.  NC:  Davis  Hor- 
wood  International  Publishing:  2002: 1X9-195.  www.rddonline.com. 

5.  Dessanges  JF.  A  history  of  nebulization.  J  Aerosol  Med  2001 :14(  I ): 
65-71. 

6.  Zierenberg  B.  Optimizing  the  in  vitro  performance  of  Respimat.  J 
Aerosol  Med  1999:12  Suppl  l:SI9-S24. 

7.  Hochrainer  D.  Hiil/.  H.  Comparison  ot  cloud  velocities  delivered 
from  Respimat  soft  mist  inhaler  or  pMDIs  (abstract).  J  Aerosol  Med 
2001:14  Suppl  1:3X6. 

8.  Newman  SP.  Use  of  gamma  scintigraphy  to  evaluate  the  perfor- 
mance of  new  inhalers.  J  Aerosol  Med  1999:12  Suppl  l:S25-S3l. 

9.  Newman  SP.  Brown  J.  Steed  KP.  Reader  SJ.  Kladders  H.  Lung 
deposition  of  fenoterol  and  flunisolide  delivered  using  a  novel  device 
for  inhaled  medicines:  comparison  of  Respimat  with  conventional 
metered-dose  inhalers  with  and  without  spacer  devices.  Chest  1998: 
113(41:957-963. 

10.  Newman  SP.  Steed  KP.  Reader  SJ.  Hooper  G.  Zierenberg  B.  Effi- 
cient delivery  to  the  lungs  of  tlunisolide  from  a  new  portable  hand- 
held multidose  nebuliser.  J  Pharm  Sci  l996:85(9):960-964. 

11.  Pavia  D.  Moonen  D.  Preliminary  data  from  phase  II  studies  with 
Respimat.  a  propellant-free  soft  mist  inhaler.  J  Aerosol  Med  1999:12 
Suppl  1:S33-S39. 

12.  VanNoord  JA,  Smeets  JJ,  Creemers  JPHM,  Greefhorst  LPM,  Dew- 
berry H,  Cornelissen  PJG.  Delivery  of  fenoterol  via  Respimat.  a 
novel  'soft  mist'  inhaler:  a  randomised,  double-blind  (within  device), 
placebo-controlled,  cross-over,  dose-ranging  study  in  asthmatic  pa- 
tients. Respiration  2000;67(6):672-678. 

13.  Goldberg  J,  Freund  E.  Beckers  B,  Hinzmann  R.  Improved  delivery  of 
fenoterol  plus  ipratropium  bromide  using  Respimat  compared  with  a 
conventional  metered  dose  inhaler.  Eur  Respir  J  200l:l7(2):225-232. 

14.  Kunkel  G.  Magnussen  H.  Bergmann  K,  Juergens  UR.  de  May  C. 
Freund  E.  et  al.  Respimat  (a  new  soft  mist  inhaler)  delivering  fenot- 
erol plus  ipratropium  bromide  provides  equivalent  hronchodilation  at 
half  the  cumulative  dose  compared  with  a  conventional  metered  dose 
inhaler  in  asthmatic  patients.  Respiration  2000:67{3):306-314. 

15.  Von  Berg  A.  Jeena  PM.  Soemantri  PA.  Vertruyen  A.  Razzouk  H. 
Schmidt  P.  Gerken  F.  Comparison  of  efficacy  and  safety  of  fenot- 
erol/ipratropium  inhaled  from  a  new  propellant-free  soft-mist  inhaler 
or  from  a  metered-dose  inhaler  with  spacer  in  paediatric  patients 
with  asthma  (abstract).  Eur  Respir  J  2000:16(31  Suppl):P2772. 

16.  lacono  P.  Velicitat  P.  Guemas  E,  Leclerc  V.  Thebault  JJ.  Improved 
delivery  of  ipratropium  bromide  using  Respimat  (a  new  soft  mist 
inhaler)  compared  with  a  conventional  metered  dose  inhaler:  cumu- 
lative dose  response  study  in  patients  with  COPD.  Respir  Med  2000; 
94(5):490-+95. 

17.  Hodder  R.  Dzyngel  B,  Fagan  NM.  Maleki-Yazdi  MR.  Comparison  of 
the  long-term  efficacy  and  safety  of  ipratropium  bromide  delivered  by  a 
new  soft  mist  inhaler  versus  conventional  metered  dose  inhaler  in  COPD 
patients  (abstract).  Eur  Respir  J  2(K)I:IS(33  Suppl):P536. 

18.  Kilfeather  SA.  Ponitz  HH.  Beck  E.  Schmidt  P.  Lee  AL.  Bowen  IR. 
Hesse  CW.  Comparison  of  the  efficacy  and  safety  of  ipratropium 
bromide/fenoterol  hydrobromide  delivered  by  a  new  soft  mist  inhaler 
or  a  conventional  metered-dose  inhaler  in  COPD  patients  (abstract). 
Eur  Respir  J  2001:18(33  Suppl):P537. 

19.  Thorsson  L.  Edsbacker  S.  Conradson  TB.  Lung  deposition  of  budes- 
onide  from  Turbuhaler  is  twice  that  from  a  pressurized  metered-dose 
inhaler  P-MPI.  Eur  Respir  J  I994:7l  10):  18.19-1844. 

20.  Asmus  MJ.  Sherman  J.  Hendeles  L.  Bronchoconstrictor  additives  in 
bronchodilator  solutions.  J  Allergy  Clin  Immunol  1999:104(2  Pt 
2):S53-S60. 

21.  Zuskin  E.  Bouhuys  A.  Saric  M.  Lung  function  changes  by  ethanol 
inhalation.  Clin  Allergy  1981:1 1(3):243-248. 


Respir.j,torv  Care  •  Dece.mber  2002  Vol  47  No  12 


1403 


Aerosol  Generators  That  Forci;  Lioi  ids  Through  Nozzlks 


23. 


24. 


26. 


27. 


29. 


30. 


31 


32. 


33, 


34, 


3.5 


Sharma  D.  Reader  S.  Spiteri  M.  Brown  A.  Palel  KR.  The  safety  of 
inhaled  elhanolic  and  ai.|ueous  solulloiis  administered  from  Respiniat 
in  hyperactive  asthmatic  patients  (ahsiract).  Am  J  Respir  Crit  Care 
Med  l999;l.'i9:Al  Uv 

Beasley  R.  Burgess  C.  Holt  S.  Call  lor  worldwide  withdrawal  of 
benzalkonium  chloride  from  nebulizer  solutions  (editorial).  J  Allergy 
Clin  Immunol  2()()l;l07(2):222-223. 

Farr  SJ.  Schuster  JA.  Lloyd  P,  Lloyd  LJ.  Okikawa  JK.  Rubsamen  RM. 
AER.\-.  Development  of  a  novel  liquid  aerosol  delivery  system:  concept 
10  clinic.  In:  Dalby  RN.  Byron  PR,  Farr  SJ,  editors.  Respiratory  daig 
deUverv  V,  Buffalo  Grose.  IL:  Intcrphariii  Press:  1 996:17.')- 185, 
Farr  SJ.  Rowe  AM,  Rubsamen  R.  Taylor  G,  .-Xerosol  deposition  in  the 
human  lung  following  administration  from  a  microprcKCSsor  controlled 
pressurised  metered  dose  inhaler.  Thorax  1995:50(6):639-644. 
Fan-  SJ,  Warren  SJ,  Lloyd  P,  Okikawa  JK,  Schuster  JA.  Rowe  AM, 
Rubsamen  RM,  Taylor  G.  Comparison  of  in  vitro  and  in  vivo  effi- 
ciencies of  a  novel  unit-dose  liquid  aerosol  generator  and  a  pressur- 
ized metered  dose  inhaler,  Inl  J  Pharm  2()()():  198(1  ):63-70. 
Sangwan  S.  Agosti  JM,  Bauer  LA,  Otulana  BA.  Morishige  RJ,  Ci- 
polla  DC,  et  al.  Aerosolized  protein  delivers   in  asthma:  gamma 
camera  analysis  of  regional  deposiiion  and  perfusion.  J  ,Aerosol  Med 
2001:14(2):185-I95. 

Otulana  T.  Thipphawong  J.  S\  sicmic  dcli\  er\  of  small  molecules:  prod- 
uct development  issues  focused  on  pain  therapeutics.  In:  Dalby  RN, 
Byron  PR,  Peart  J,  Farr  SJ,  editors.  Respiratory  drug  delivery  VIIl. 
Raleigh.  NC:  Da\is  Horwood  International  Publishing;  2(X)2:97-104. 
Ward  ME.  Woodhouse  A,  Mather  LE.  Farr  SJ.  Okikawa  JK,  Lloyd 
P.  et  al.  Morphine  pharmacokinetics  after  pulmonary  administration 
from  a  novel  aerosol  delivery  system.  Clin  Pharmacol  Ther  1997; 
62(6):596-609. 

Gonda  I.  Fiore  M.  Johansson  E.  Liu  K.  Morishinge  R.  Okikawa  J.  et 
al.  Bolus  delivery  of  morphine  solutions  with  the  .\ER\  pain  man- 
agement system  (abstracti,  J  Aerosol  Med  1999:12:1 14, 
Dershwitz  M.  Walsh  JL.  Morishige  RJ.  Connors  PM.  Rubsamen 
RM.  Shafer  SL.  Rosow  CE.  Pharmacokinetics  and  pharmacodynam- 
ics of  inhaled  versus  intravenous  morphine  in  health)  volunteers. 
Anesthesiology  2000;93(3):619-628. 

Mather  LE,  Woodhouse  A,  Ward  ME.  Farr  SJ.  Rubsamen  RM.  Elther- 
ington  LG.  Pulmonary  administration  of  aerosolised  fentanyl:  phar- 
macokinetic analysis  of  systemic  deli\ery,  BrJClin  Pharmacol  1998; 
46(l):.37-43. 

Boyle  F.  Mather  LE.  Lam  J.  Morishinge  RJ.  Otulana  B.A.  Dayton  F. 
et  al.  Inhaled  fentanyl  via  the  AER.x  system  for  the  treatment  of 
breakthrough  cancer  pain.  Poster  presentation  at  the  Am  Pain  Soci- 
ety. Atlanta.  GA;  Nov  2000. 

Slatkin  N.  Rauck  R.  Koczwara  B.  Chcvlen  E.  Thipphawong  J.  Mor- 
ishige R.  et  al.  Analgesic  efficacy  of  inhaled  morphine  delivered 
with  the  AHRx  morphine  pain  management  system  for  breakthrough 
cancer  pain  (abslracO.  J  P;iin  2()()2;3(  1  Suppl):4.^, 
Thipphawong  J,  Babul  N.  Morishige  R.  Otulana  B.  Findla\  H.  Reber 
K.  et  al.  Single  dose  analgesic  efficacy  of  inhaled  mojphine  deli\- 


ered  with  the  AERx  morphine  pain  management  system  after  ortho- 
pedic surgery  (abstract).  J  Pain  2002:3(1  Suppl):.'i(). 

36.  Thipphawong  J.  Babul  N.  Morishige  R.  0(ulana  B.  Findlay  H.  Reber 
K.  et  al.  Multidose  elTicacy  of  inhaled  morphine  delivered  with  the 
AERx  pain  management  system  for  outpatient  orthopedic  surgery 
(abstract).  J  Pain  20()2;3(  I  Suppl):.^0. 

37.  Diabetes  Control  and  Complications  Trial  Research  Group.  The  ef- 
fect of  intensive  treatment  of  diabetes  on  the  development  and  pro- 
gression of  long-term  complications  in  insulin-dependent  diabetes 
mellitus.  N  Engl  J  Med  1993;329(  l4):977-986. 

38.  UK  Prospective  Diabetes  Study  (UKPDS)  Group.  Inlensive  blood- 
glucose  control  with  sulphonylureas  or  insulin  compared  with  con- 
ventional treatment  and  risk  of  complications  in  patients  with  type  2 
diabetes  (UKPDS  33).  Lancet;1998;352(9l3l  ):837-8.'i3. 

39.  Farr  S.  Reynolds  D.  Nat  A.  Srinivasan  S.  Roach  M.  Jensen  S.  Poulsen 
JU.  Technical  development  of  AERx  diabetes  management  system: 
essential  characteristics  for  diabetes  treatment  w  ith  pulmonary  insu- 
lin. In:  Dalby  RN.  Byron  PR.  Peart  J.  Farr  SJ.  editors.  Respiratory 
drug  delivery  VIII,  Raleigh.  NC:  Davis  Horwood  International  Pub- 
lishing; 2002:51-59.  www.rddonline.com. 

40.  Heise  T.  Scharling  B.  Bellaire  S.  Tusek  C.  Bott  S.  Dose  response  of 
pulmonary  insulin  with  the  .AERx  insulin  diabetes  management  sys- 
tem in  healthy  subjects  (abstracti.  Diabetologica  2001;44:A2I2. 

41.  Farr  SJ.  McEldutf  A.  Mather  LE.  Okikaw  a  J.  Ward  ME.  Gonda  I.  et  al. 
Pulmonary  insulin  administration  using  the  ,AER\  system:  physiological 
and  physicochemical  factors  intluencing  insulin  effectiveness  in  healthy 
lasting  subjects.  Diabetes  Technol  Ther  2(.X)0;2(2l:18.5-l97, 

42.  Kipnes  M.  Otulana  B.  Okikawa  J.  Farr  S.  Jendle  J.  Thipphawong  J. 
Schwartz  S.  Pharmacokinetics  and  pharmacodynamics  of  pulmonary 
insulin  delivered  via  the  AERx  insulin  diabetes  management  system 
in  type  I  diabetics  (abstract).  Diabetologia  2000:43.  Available  at 
http://www.aradigm.com/tech/posters/EASD  Kipnes  2000.pdf 
(accessed  1 0/8/02 1. 

43.  Brunner  GA.  Baleni  B.  Ellmerer  M.  Schaupp  L.  Siebenhofer  .\. 
Jendle  J.  et  al.  Dose-response  relation  of  liquid  aerosol  inhaled  in- 
sulin in  type  1  diabetic  patients.  Diabetologia  2001;44(3):305-3()8. 

44.  Hermansen  K.  Ronnemaa  T.  Petersen  AH.  .Adamson  I'LF.  Inlensive 
trcatnieni  with  pulmonary  insulin  using  the  .AERx  insulin  diabetes 
management  system — a  proof  of  concept  (rial  in  type  2  diabetic 
patients  (abstract).  Diabetes  2002:51(2  Suppl):A4S. 

45.  Diot  P.  Palmer  LB.  Smaldone  A.  DeCelie-Germana  J.  Grimson  R. 
Smaldone  GC.  RhDNase  I  aerosol  deposition  and  related  factors  in 
cystic  fibrosis.  Am  J  Respir  Crit  Care  Med  1 997;  1 56(5);  1 662- 1668. 

46.  Geller  DE.  Caplan  D.  Ericson  D.  Bowman  CM.  Milgram  L.  Thippha- 
wong J.  et  al.  Bolus  delivery  of  rhDNase  via  a  novel,  electronic  inhaler 
system  improves  lung  function  in  cystic  fibrosis  patients.  Pediair  Pul- 
monol  2(l(K):Suppl  20:246.  .Available  at  http://www.aradigm.com/tech/ 
postcrs/N.ACF     Geller     2(KK),pdf  (accessed  10/8/02), 

47.  Cipolla  D.  Boyd  B.  Evans  R.  Warren  S.  Taylor  G.  Farr  S  Bolus 
administration  of  INS-365:  studying  the  feasibility  of  delivering  high- 
doses  of  drug  using  the  AER\  pulmonarv  delivery  system.  In:  Dalby 
RN.  Byron  PR.  Farr  SJ.  editors.  Respiratory  drug  delivery  VII,  Ra- 
Icish,  NC:  .Screntec  Press:  2000:231-239, 


Discussion 

Gomez:  .Since  the  .AERx  (echnicjiie 
relics  on  torcing  liquid  lliiDUgh  a  1  -/um 
orifice,  aren't  there  issues  of  clogging'.' 
That  may  be  one  of  the  reasons  the 
lung  tJeposition  is  not  as  good  as  sonic 
of  the  other  techniques  that  also  yield 
inonodispcrse  aerosol.  Yoti  can 
achieve  higher  lung  dcpt)Mlion  il  >i)u 


have  relativcK  naicow  dni|ilcl  si/c  dis- 
trihiiiions.  In  piinciplc  the  disirihtilion 
should  be  \cr\  naiTow  with  this  de- 
vice, but  perhaps  it  isn't  because  the 
droplets  have  to  be  generaicil  ihiouyh 
1-/11111  orifices. 

(k'ller:  As  1  nicniionctl.  ihc  ,'\I;R\ 
docs  produce  a  fairly  nionodispcise 
aerosol.  It's  a  much  smaller  (GSP)  dis- 


irihtilion than  a  nchuli/er.  for  example, 
though  it's  probabl\  nol  as  monodis- 
perse  as  the  clcclrospray  technology.  But 
the  .AERx  holes  arc  laser  drilled  and 
ihcv'rc  uniform  in  si/e.  It's  a  dispos- 
able, inexpensive  blister.  The  no/zlc  ar- 
ray is  jusi  holes  drilled  into  a  film  ma- 
tciuil.  and  lhe>  do  get  clogged  after  one 
tise.  I've  seen  a  micrograph  of  a  clogged 
nozzle.  If  you  have  to  take  3  doses  (that 
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is.  3  dose  blisters),  they  mtike  a  little 
cassette  that  automatically  ejects  the 
used  one  and  loads  the  next.  Its  not 
\0(.Wc  deposition,  but  somewhere  be- 
tween 50  and  80%  lung  deposition  of 
the  nominal  dose  is  great — a  lot  better 
tiian  nehiili/ers. 

Dennis:  The  design  of  the  AERx 
device  has  taught  me  something  very 
\aluable.  Aradigm  put  a  lot  of  invest- 
ment into  their  device,  to  control  the 
temperature  and  the  humidity  of  am- 
bient air.  and  to  ask  the  patient  to  in- 
hale at  a  certain  rate.  I've  talked  with 
Igor  Gonda  [Aradigm  research  and  de- 
velopment) about  this,  and  I  belie\e 
it's  true  that  the  reason  Aradigm  did 
that  is  that  they  want  to  control  the 
amount  of  e\  aporation  in  the  aerosol 
bolus.  The  AERx  has  a  50  /nL  bolus 
that  emits  in  I  second  into  an  air  stream 
in  w  hich  temperature  and  humidity  are 
controlled.  The  Respimat  only  has  a 
1.5  ;uL  bolus  that  emits  in  1  second 
into  roughls  the  same  ambient  air  flow 
rate,  hut  with  no  temperature  or  hu- 
midity control.  So  the  Respimat  can- 
not a\  oid  a  lot  of  variable  aerosol  e\  ap- 
oration and  the  resulting  decrease  in 
droplet  size,  vshich  is  dependent  on 
the  amount.  humidit\.  and  tempera- 
ture of  inhaled  air. 

To  my  knowledge.  Boehringer  has 
not  addressed  that  at  all.  1  haven't  seen 
anything  in  publication  or  during  con- 
ference discussion.  Even  so.  the  de- 
vice will  undergo  clinical  trial,  so  this 
should  pn)ve  its  safety  and  efficacy 
for  a  specific  application,  though  the 
variable  e\ aporation  will  be  important 
for  generic  application.  There's  a  mes- 
sage here  to  anybody  who's  develop- 
ing devices  that  emit  a  small  bolus  of 
liquid  aerosol,  which  is  that  the  amount 
of  evaporation  to  ambient  air  will  be 
as  much  as  about  16-18  /iiL/L  in  dry 
air.  so.  with  5(V/(  humidity,  evapora- 
tion will  be  about  8  ;u.L  of  water  from 


the  aerosol  droplets.  If  you  have  a  small 
bolus  volume  of  only  10-20  /nL  from 
a  device  releasing  into  a  liter  of  aii. 
that  evaporation  is  going  to  seriously 
affect  the  particle  size,  and  you'll  prob- 
ably end  up  with  either  dry  particles 
or  very  much  concentrated  particles. 

Geller:  1  do  ha\c  one  comment.  1 
forgot  to  mention  that  Aradigm 
(AERx)  is  developing  a  completely 
niechaniccil  device  as  well.  The  elec- 
tronics, obviously,  are  expensive,  and 
there  are  some  drugs  that  do  not  re- 
quire the  precision  of  the  electronic 
version,  so  they  are  de\'eloping  a  me- 
chanical device.  I  don't  know  a  lot 
about  it.  but  it  does  not  have  a  tem- 
perature controller,  and  1  did  see  men- 
tion of  one  study  that  looked  at  tem- 
perature control  versus  no  temperature 
control,  and  there  was  only  a  5%  dif- 
ference in  deposition.'  So  the  temper- 
ature control  did  help,  but  only  by  5%. 
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Fink:  Was  there  a  difference  in  par- 
ticle size? 

Geller:      It  didn't  say. 

Fink:  The  Respimat  is  a  really  cool 
device.  We've  been  reading  about  it 
for  years.  Has  it  been  released  in  Eu- 
rope? Is  there  a  plan  to  release  it  in  the 
United  States?  What  are  the  barriers? 

Geller:  Right  now.  neither  AERx 
nor  Respimat  is  ;i\ailable  an\v\here. 
I'm  told  that  Respimat  v\ill  go  for  ap- 
plication in  Europe  next  year.  There 
are  some  things  in  de\elopnieni  that 


I'm  probably  not  supposed  to  know 
about,  so  1  can't  say.  And  1  believe 
there  /,s  a  move  to  market  in  the  United 
States  as  well.  I  think  the  barrier  is 
going  to  be  the  drug  preservatives  the 
device  requires. 

Witek:  A  couple  of  pt)ints  about 
the  Respimat  Soft  Mist  Inhaler.  It  is 
being  developed  as  an  alternative  to 
common  metered-dose  inhalers  and 
dry  powder  inhalers.  It  is  a  pocket- 
sized,  multi-dose  device  for  the  deliv- 
ery of  bronchodilators  and  other  agents 
for  COPD  and  asthma.  With  regard  to 
the  timelines,  you're  right  about  the 
application  in  Europe,  and  the  Phase 
111  studies  will  be  starting  in  the  United 
States  this  year.  Regarding  your  point 
about  preservatives.  .  .  I  guess  these 
are  the  balances  we  have.  As  Paracel- 
sus said:  It's  all  in  the  dose.  Respimat 
uses  very  low  doses  of  preservative, 
and  it  will  be  seen  in  the  clinical  trials 
if  the  preservative  is  a  problem.  We've 
done  some  small-scale  studies  in 
which  it  appeared  not  to  be.  even  in 
hypersensiti\'e  individuals. '--'* 
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Several  electronic  nebulizer  devices  that  use  a  vibrating  mesh  or  plate  with  multiple  apertures  to 
generate  a  fine-particle,  low-velocity  aerosol  have  been  marketed  or  will  shortly  become  available  for 
clinical  use.  These  devices  ha\e  a  high  efficiency  of  delivering  aerosol  to  the  lung,  such  that  the  nominal 
dose  of  drugs  to  be  administered  could  be  substantially  reduced.  Moreo\er,  the  volume  of  drug  solution 
left  in  these  new  devices  when  the  nebulization  has  ceased  is  negligible,  so  there  is  potential  to  improve 
the  cost-efiectiveness  of  administering  expensive  medications.  Because  these  devices  nebulize  at  a  faster 
rate  than  conventional  Jet  or  ultrasonic  nebulizers,  the  duration  of  each  treatment  could  be  shortened. 
These  devices  efilcientlj  nebulize  solutions  and  suspensions;  they  have  been  successfull>  used  for  aero- 
solizing insulin,  other  proteins  and  peptides,  and  fragments  of  DNA.  They  could  be  employed  for  a  m  ide 
variety  of  clinical  applications,  including  the  delivery  of  aerosols  for  systemic  therapy  and  gene  transfer. 
These  devices  have  overcome  many  of  the  limitations  associated  with  conventional  Jet  and  ultrasonic 
nebulizers,  and  the>  offer  the  versatility  to  modify  the  aerosol  characteristics  according  to  the  clinical 
application  for  which  the>  are  employed.  \\ ith  these  devices  clinicians  will  be  able  to  precisely  control 
drug  delivery  to  the  respiratory  tract.  Key  wnnls:  iiclnill:(i!i<iii.  nchiilizfr.  aerosol,  vihnitiiiii  iiicsli.  vihniiini; 
phitc.     IRespir  Caiv  2()()2;47(  12):I4()6-I4I6| 
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Introduction 

Nebulizers  comci't  liquids  intu  aerosol  parliclL-s  lor  ticp- 
osition  in  the  lower  respiratory  traet.'-  A  pneunuitie  (jell 
nehuli/er  uses  the  energy  provided  hy  compressed  gas 
flow  to  generate  an  aerosol,  whereas  an  ultrasonic  nebu- 
lizer uses  electricity  to  vibrate  a  piezoelectric  crystal  at 
high  frequency.  Standing  waves  are  generated  when  the 
high-lrequency  \  ibrations  are  focused  onto  the  surface  of 
the  medication  solution.  Liquid  droplets  break  off  from  the 
v\a\e  crest  to  form  an  aerosol. 

For  se\eral  decades  nebulizers  have  been  employed  to 
deliver  medications  \  ia  inhalation.  Indications  for  aerosol 
therapy.  ho\\e\er.  are  rapidly  expanding.  In  the  not-so- 
distant  future,  aerosols  could  be  used  to  deliver  drugs  to 
the  respiratory  tract  for  systemic  effects'  and  to  deliver 
genes  to  the  respiratory  tract. ■*  There  is  a  need  for  better 
technology  to  improve  the  efficiency,  precision,  and  con- 
sistency of  aerosol  deposition  in  the  lung,  to  use  new  for- 
mulations, and  to  allow  efficient  aerosolization  of  suspen- 
sions and  drugs  with  high  lipid  solubility.-*^  In  addition, 
there  needs  to  be  a  concerted  effort  to  protect  respiratory 
therapists  and  other  health  care  workers  from  occupational 
exposure  to  aerosolized  drugs. ^ 

This  review  discusses  several  new  devices  that  have  in 
common  the  ability  to  aerosolize  a  drug  solution  by  using 
a  vibrating  mesh  or  plate  with  multiple  apertures.  These 
devices  offer  important  advances  in  our  ability  to  deliver 
aerosolized  drugs  to  the  respiratory  tract. 

Design  Features  of  .Aerosol  Generators  That  I'se  a 

\  ibrating  Mesh  or  Plate  with  Multiple  Apertures  to 

Generate  Aerosol 


Table  I.       Aerosdl  lleviccs  That  IKc  a  Vitiratint!  Mesh  or  Plate  with 
Multiple  Apertures 

Acroiii'ii  ■  Acrostfl  Gcni'mlor 

-  Aeroneh  portahle  nehuli/er  system 

-  Aeroneh  prolessioiKil  nehuli/er  system 

-  Aeroiliise  inhaler 

-  Aerodose  insulin  inhaler 
Oiiiron  ■  Vibmliiiii  Mesh 

-  NE-U03 

-  NE-U22 

ODEM  -  TouclhSpniY  Technoioiiy 

-  TouehSpray  inhaler  deviees 
PARI 

-  eFlou 


Some  features  are  conuiioii  to  all  the  devices  that  use  a 
vibrating  mesh  or  plate  with  multiple  apertures  to  generate 
aerosol.  These  devices  generate  aerosols  with  a  high  fine 
particle  fraction.^  and  they  have  a  significantly  higher  ef- 
ficiency of  delivering  drugs  to  the  respiratory  tract  than  do 
conventional  jet  or  ultrasonic  nebulizers.  The  aerosol  is 
generated  as  a  fine  mist  and  no  battling  system  is  required 
in  these  devices.  Other  features  of  these  devices  are  that 
they  are  portable,  battery-operated  (operation  with  alter- 
nating current  is  optional  in  some  devices),  and  they  effi- 
ciently aerosolize  solutions  and  suspensions  with  minimal 
dead  volume  (volume  of  liquid  remaining  in  the  nebulizer 
at  the  end  of  nebulization).  Some  of  these  devices  are 
breath-actuated,  thereby  limiting  the  amount  of  aerosol 
released  into  the  ambient  air. 

Aerogen's  Aerosol  Generator 


Several  manufacturers  (Aerogen.  Mountain  View.  Califor- 
nia: Omron.  Vernon  Hills.  Illinois:  and  ODEM.  Royston. 
Hertfordshire.  United  Kingdom)  have  developed  the  tech- 
nology that  uses  a  vibrating  mesh  or  plate  with  multiple 
apertures  to  produce  a  liquid  aerosol.  Table  1  lists  the  devices 
that  ha\e  been  developed  or  are  under  development. 
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Aerogen"s  aerosol  generator  consists  of  a  vibrational 
element  and  a  domed  aperture  plate.  The  ceramic  vibra- 
tional eleinent  expands  and  contracts  when  electrical  cur- 
rent is  applied  to  it.  This  contraction  and  expansion  pro- 
duces an  upward  and  downward  movement  in  the  domed 
aperture  plate  (Fig.  I ).  The  aperture  plate  has  up  to  l.OOO 
tapered  holes,  which  are  electroformed  in  a  sheet.  The 
wider  portion  of  the  hole  is  toward  the  medication,  and  the 
narrower  end  is  toward  the  atmosphere.  The  medication  is 
placed  in  a  reservoir  above  the  domed  aperture  plate.  Dur- 
ing operation,  upward  and  downward  movement  (by  a  few 
microns)  of  the  aperture  plate  creates  a  micro-pumping 
action  that  extrudes  the  medication  through  the  holes  to 
produce  an  aerosol.  Particle  size.  flow,  and  fine  particle 
fraction  are  functions  of  the  aperture  hole  exit  diameter. 
The  si/e  of  the  holes  in  the  aperture  plate  and.  in  turn,  the 
size  of  the  aerosol  particles  can  be  modified  for  specific 
clinical  applications. 

The  devices  that  incorporate  the  Aerogen  aerosol  gen- 
erator (Fig.  2)  can  be  battery-operated,  so  they  are  porta- 
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Fig.  1 .  Components  ot  Aerogen's  aerosol  generator.  Top  Left:  When  the  vibrational  element  is  made  to  contract  and  expand  by  application 
of  electrical  current  the  up-and-down  movement  (by  a  few  microns)  of  the  aperture  plate  creates  a  mIcro-pumping  action  that  extrudes  the 
liquid  through  the  apertures.  Bottom  Left:  Microscopic  view  of  apertures.  There  are  approximately  1 ,000  apertures  on  the  aperture  plate. 
Right:  A  low-velocity  mist  Is  generated.  (Courtesy  of  Aerogen,  Mountain  View.  California.) 


ble.  These  devices  nebulize  at  0.3-0.6  mL/niin.  generally 
requiring  less  time  for  drug  delivery  than  conventional 
nebulizers.  Because  they  do  not  require  any  compressed 
gas  flow  or  high-energy  vibration,  their  operation  is  rela- 
tively quiet.  Another  important  advantage  is  that  the  dead 
volume  is  minimal.  In  fact,  the  aerosol  generator  can  aero- 
solize almost  down  to  the  very  last  drop  of  liquid,  whereas 
the  dead  volume  in  conventional  jet  or  ultrasonic  nebuliz- 
ers is  0.3-1  niL.  Some  of  Aerogen's  devices  are  designed 
to  operate  in  any  orientation,  including  inverted.  Aero- 
gen's aerosol  generator  efficiently  nebulizes  suspensions, 
proteins,  and  peptides.  Because  the  energy  required  for 
nebulization  is  applied  to  the  vibrational  element  in  the 
aerosol  generator  rather  than  to  the  fluid,  temperature  in- 
crease in  the  fluid  is  minimized,  which  minimizes  the  risk 
of  denaturing  proteins  or  peptides  or  reducing  the  acti\ity 
of  antibiotics. 

Omron's  Vibrating  Mesh  Technology 

The  Omron  technology  incorporates  a  piezoelectric  crys- 
tal that  vibrates  at  a  high-frequency  when  electrical  current 
is  applied.  The  vibration  of  the  crystal  is  transmitted  to  a 
transducer  horn  that  is  in  contact  with  the  liquid  to  be 
aerosolized  (Figs.  3-.'^).  Vibration  of  the  transducer  horn 
causes  upward  and  downward  movement  of  the  mesh  plate, 
and  the  liquid  passes  through  the  apertures  in  the  plate  to 
lonn  an  acrosoL  The  mesh  plalc  consists  of  numerous  (up 


to  6,000)  tapered  holes,  each  approximately  3  /xm  in  di- 
ameter. These  holes  amplify  the  vibration  of  the  transducer 
horn  throughout  the  medication  and  reduce  the  amount  of 
power  required  to  generate  the  aerosol.  Using  a  low  fre- 
quency of  vibration  with  a  mesh  plate  containing  numer- 
ous minute  holes  allows  efficient  generation  of  a  fine- 
particle  mist. 

The  Omron  devices  are  battery-operated  and  alternat- 
ing-current-powered, produce  a  low-velocity  aerosol,  and 
require  no  propellant  or  compressor.  They  are  portable  and 
can  produce  an  aerosol  in  almost  any  orientation. 

ODEM\s  TouchSpray  Technology 

ODEM"s  TouchSpray  technology  employs  a  perforate 
membrane  that  vibrates  at  high  frequency  against  a  body 
of  liquid.  The  vibration  source  is  a  piezoelectric  actuator, 
which  is  activated  by  a  simple  electronic  drive  circuit.  The 
perforate  membrane  is  a  wafer-thin  plate  of  stainless  steel 
with  many  laser-drilled  holes.  The  actuator  and  the  perfo- 
rate membrane  form  the  TouchSpray  atomization  head, 
which  is  in  contact  with  the  liquid  to  be  aerosolized  (Fig. 
6).  Liquid  jets  are  created  as  an  inertial  respon.se  to  the 
vibration  of  the  perforate  membrane.  Surface  tension  and 
hydrodynamic  effects  then  cause  these  jets  to  break  up  to 
produce  streams  of  precisely  controlled  droplets.  This 
stream  has  a  low  velocity,  and  the  atomization  head  can 
sieneiale  an  aerosol  in  an\  orientation. 
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Fig.  2.  Aerogen's  aerosol  generator  and  devices  that  incorporate  it.  A:  Aerosol  generator.  B:  The  Aeroneb  System  is  a  hand-held  device  for 
home  use.  C:  The  Aeroneb  Pro  is  an  in-line  device  for  delivenng  aerosols  to  mechanically-ventilated  patients.  D:  The  Aerodose  Inhaler  (2 
versions)  is  a  hand-held,  battery-operated,  breath-actuated  device  that  incorporates  individual  nebules  of  commonly  used  bronchodilator 
solutions.  E:  The  Aerogen  Insulin  Inhaler  consists  of  an  insulin  pen  and  aerosolization  head.  The  patient  dials  the  insulin  dose  into  the 
reservoir,  and  the  protein  is  then  quickly  aerosolized  with  high  efficiency  and  minimal  dead  volume.  (Courtesy  of  Aerogen.  Mountain  View/, 
California.) 


The  TouchSpra_\  inhaler  devices  can  efficiently  aerosol- 
ize a  wide  range  of  liquids  and  particulate  suspensions. 
With  these  devices  the  particle  size  and  flow  of  the  aerosol 
can  be  precisely  controlled. 

Characteristics  of  Devices 

Aerogen  Devices 

Aeroneb  Portable  Nebulizer  System.  The  Aeroneb  Por- 
table Nebulizer  S>siem  is  a  simple,  compact,  silent  nebu- 
lizer that  delivers  a  fine-particle,  low-velocity  aerosol.  The 
Aeroneb  system  is  designed  for  use  by  ambulatory  patients 
and  for  delivering  nebulizer  treatments  in  the  hospital. 
Alternating  current,  alkaline  batteries,  or  a  car  adapter  can 
power  the  Aeroneb.  This  device  does  not  require  any  propel- 
lants  or  a  compressor  system,  and  it  can  operate  in  a  variety 
of  orientations.  Figure  2  shows  a  model  of  the  Aeroneb. 

.\erodose  Inhaler.  The  Aerodose  Inhaler  is  a  small, 
hand-held  inhaler  that  uses  Aerogen's  aerosol  generator. 
This  device  is  powered  by  4  AAA  batteries,  does  not 
require  an  external  power  source,  and  is  breath-actuated. 
An  inhalation  sensor  detects  inspiratory  How  abt)\e  a  thresh- 
old of  approximately  10  l./niin  and  synchriinizes  aerosol 


generation  v\iih  inspiration.  The  sensor  signals  to  termi- 
nate aerosolization  when  inspiratory  flow  falls  below  the 
threshold  for  actuation.  Indicator  lights  on  the  device  flash 
when  the  inhaler  is  turned  on  and  is  ready  tor  operation. 
During  inhalation  the  lights  remain  lit  without  flashing. 
Once  the  dose  has  been  aerosolized,  the  indicator  light 
shuts  off.  There  is  also  a  red  light  that  indicates  low  bat- 
teries. When  the  batteries  reach  a  very  low  level,  the  red 
light  glows  continuously,  at  which  point  the  batteries  need 
to  be  replaced  immediately.  Ap|")ro\imatel\  .^0  min  of  aero- 
sol delivery  time  can  be  expected  from  a  new  set  of  bat- 
teries. A  bypass  button  at  the  rear  of  the  power  supply  can 
be  used  to  trigger  aerosolizatii)n  to  test  the  device  or  dur- 
ing cleaning. 

The  physical  size  and  shape  of  the  device  is  similar  to 
that  of  a  metered-dose  inhaler  (MDI).  The  \elocily  of  the 
aerosol  emitted  from  the  Aerodose  Inhaler  is  only  about 
one  tenth  that  of  an  MDI  aerosol.  The  low-\elocily  aert)sol 
produced  by  the  Aeiodose  Inhaler  is  more  easily  entrained 
into  the  patient's  inspired  air  than  the  high-\elocit_\  aero- 
sol emitted  from  an  MDI.  The  lower  aerosol  \elocity  re- 
duces onipharyngeal  deposition  of  drug  particles.  Single- 
dose  nebules  of  .standard  bronchodilator  solutions  can  be 
used  with  this  device.  It  usually  takes  less  than  2  or  3 
minutes  to  deli\  era  bronchodilator  treatment  with  the  Aero- 
dose Inhaler. 
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Fig.  3.  Omron's  NE-U03  nebulizer.  Left:  Principle  of  aerosol  generation.  Ttie  piezoelectric  crystal  is  made  to  vibrate  by  application  of 
electrical  current  from  4  AA  batteries.  This  leads  to  vibration  of  a  transducer  horn  placed  in  the  reservoir  of  liquid  to  be  aerosolized.  Liquid 
passes  up  through  the  hollow  center  of  the  transducer  horn.  A  ceramic  plate  above  the  transducer  horn  contains  several  hundred  tapered 
holes.  Sphngs  attached  to  the  plate  control  its  vibration.  A  fine-particle  mist  is  generated  as  the  liquid  passes  through  the  apertures  in  the 
mesh  plate  and  breaks  up  into  small  particles.  Right:  A  model  of  the  assembled  device.  (Courtesy  of  Omron.  Vernon  Hills,  Illinois.) 


Aeroneb  Professional  Nebulizer  System  ( Aeroneb  Pro). 

The  Aeroneb  Pro  is  a  novel  system  designed  for  use  during 
mechanical  ventilation.  The  Aeroneb  Pro  is  connected  in 
the  inspiratory  limb  of  the  ventilator  circuit  and  generates 
aerosol  continuously  (see  Fig.  2).  It  can  be  adapted  to 
generate  aerosol  only  during  inspiration.  The  power  for 
generating  the  aerosol  comes  from  an  alternating  current 
outlet  or  from  a  rechargeable  battery  pack  within  the  device. 

Aerodose  Insulin  Inhaler.  The  Aerodose  Insulin  In- 
haler is  a  small  device,  about  the  size  of  a  cellular  tele- 
phone. It  has  a  rechargeable  battery  in  a  single  unit  that 
can  fit  into  a  pants  pocket  (see  Fig.  2).  It  contains  a  car- 
tridge of  liquid  insulin  that  contains  approximately  a  1-week 
supply.  The  patient  dials  in  the  prc-mcal  dose  with  an 
insulin  pen-type  mechanism  that  can  provide  1-unit  incre- 
ments of  insulin  do.se.  The  liquid  insulin  is  rapidly  aero- 
solized into  small  particles  by  the  aerosol  generator  and 
inhaled  into  the  lungs  in  a  few  breaths.  The  insulin  tlepos- 
ils  in  the  lunn  aiul  is  llicn  absorbed  inio  llic  bloodstream. 


Omron  Devices 

NE-U03.  In  the  NE-U()3  (see  Fig.  3)  the  vibration  of  the 
piezoelectric  crystal  produces  rapid  movement  of  a  trans- 
ducer horn  within  the  medication  cup.  The  liquid  medica- 
tion passes  through  the  hollow  center  of  the  transducer 
horn  and  through  the  mesh  plate.  The  movement  of  the 
transducer  causes  vibration  of  the  ceramic  plate:  springs 
attached  to  the  ceramic  plate  prevent  it  from  breaking.  The 
liquid  passes  through  the  holes  in  the  vibrating  mesh  plate 
to  form  an  aerosol.  The  frequency  of  the  current  applied  to 
the  piezoelectric  crystal  is  much  lower  than  that  employed 
in  standard  ultrasonic  nebulizers,  making  electricity  from 
a  wall  outlet  unnecessary  (but  optional).  The  NE-U03  can 
operate  for  ."i  hours  on  a  set  of  4  A  A  batteries.  The  energy 
is  applied  to  the  transducer  horn  rather  than  to  the  liquid 
medication,  which  minimizes  the  risk  of  denaturing  the 
drug  by  heating  during  nebulizer  operation.  .Similarto  Aero- 
gen's  aerosol  generator,  the  NF-L'()3  can  nebulize  solu- 
tii>ns  anil  suspensions  almost  down  to  the  last  drop  of 
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Fig.  4.  Omron's  NE-U22  nebulizer.  A:  IVIechanism  by  which  aero- 
sol is  generated.  The  liquid  to  be  aerosolized  is  placed  in  the 
medication  bottle,  which  is  covered  with  a  mesh  plate  containing 
several  hundred  electroplated  apertures.  Applied  electhcal  current 
causes  the  piezoelectric  crystal  to  vibrate,  the  vibration  is  trans- 
mitted to  a  transducer  horn,  and  the  transducer  horn  transmits  the 
vibration  to  the  liquid,  which  forces  the  liquid  through  the  aper- 
tures in  the  mesh  plate.  B:  A  model  of  the  assembled  device. 
(Courtesy  of  Omron,  Vernon  Hills,  Illinois.) 

liquid,  .so  ihal  the  dead  \i)lunie  is  negligible.  It  is  also 
position-independent  in  its  operation. 

NE-U22.  CuiTently  the  NE-U22  (.see  Figs.  4  and  5)  is 
marketed  only  in  Japan.  A  medication  bottle  is  connected 
to  a  transducer  horn,  and  high-frequency  vibratie)n  of  the 
piezoelectric  crystal  is  transmitted  to  the  transducer  horn. 
The  vibration  of  the  horn  pushes  the  liquid  medication 
through  apertures  in  the  mesh  plate  above  it.  Unlike  the 
NE-U03.  the  NE-U22  has  a  metal  alloy  mesh  plate  in 
which  the  holes  are  produced  by  electroplating,  thereby 
making  the  mesh  plate  more  stable,  biocompatible,  dura- 
ble, and  resistant  to  corrosion.  In  contrast  to  the  NE-U03, 
the  metal  end  of  the  tapered  holes  in  the  NE-U22  is  toward 
the  medication,  and  the  wider  end  is  toward  the  atmo- 
sphere. The  NE-U22  uses  more  energy  than  the  NE-U03. 
but  the  frequency  of  vibration  is  considerably  less  than 
that  employed  in  standard  ultrasonic  nebulizers.  The  NE- 
U22  also  nebulizes  down  to  the  last  drop,  such  that  dead 
volume  is  negligible.  The  aerosolization  head  on  the  NE- 
U22  can  be  disconnected  for  cleaning. 

In  conventional  nebulizers,  diluents  are  added  to  the 
drug  solution  to  increase  the  volume  of  solution  to  be 
aerosolized,  because  up  to  I  niL  of  solution  may  remain  in 
the  nebulizer.  Because  the  Omron  NE-U03  and  the  NE- 
U22  can  aerosolize  with  as  little  as  0.2  mL  of  solution,  the 
need  for  diluent  is  eliminatetl. 

ODEM  TouchSpray  Inhaler  Devices 

The  ODEM  TouchSpray  Inhaler  devices  are  under  de- 
velopment, in  partnership  with  various  pharmaceutical 
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Fig.  5.  Design  aspects  of  Omron's  NE-U22  nebulizer,  optimized  for 
nebulization  of  small  volumes.  Left;  The  mesh  plate  is  made  of 
metal  alloy  and  the  apertures  are  electroformed.  The  mesh  plate  is 
biocompatible,  durable,  and  resistant  to  corrosion.  Right:  Arrange- 
ment of  the  piezoelectric  crystal  (PZT),  transducer  horn,  and  med- 
ication bottle.  The  transducer  horn  amplifies  the  vibration  of  the 
piezoelectric  crystal  and  liquid  from  the  medication  bottle  is  pushed 
out  through  the  mesh  plate,  which  forms  a  fine-particle  aerosol.  This 
design  offers  low  dead  volume  and  higher  amplified  vibration  with 
lower  electric  power.  (Courtesy  of  Omron,  Vernon  Hills,  Illinois.) 


companies.  These  devices  are  small,  simple  to  use,  porta- 
ble, have  low  power  consumption,  and  they  can  be  custom 
designed  for  various  clinical  applications.  They  are  con- 
figured for  single-dose  or  multi-dose  drug  delivery,  and 
their  high  rate  of  aerosol  flow  allows  treatments  to  be 
completed  in  a  few  breaths.  Some  of  these  devices  will 
incorporate  features  such  as  breath-actuation  and  ct)mpli- 
ance  monitoring.  Figure  6  shows  a  concept  model  of  a 
device  incorporating  ODEM's  TouchSpray  technology. 

PARI  eFlow 

The  eFlow  incorporates  the  TouchSpray  alomizalion 
head  (see  Fig.  6).  The  eFlow  is  a  small,  portable,  and  silent 
device  that  is  highly  efficient  for  nebulizing  solutions  and 
suspensions.  The  nebulizer  produces  an  aerosol  with  a 
high  fine  particle  fraction  and  an  output  of  up  to  0.5  niL/ 
min.**  Aerosol  is  delivered  continuously  via  tidal  breath- 
ing. The  eFlow  is  expected  to  be  available  for  clinical  use 
within  the  next  year. 

Comparison  of  Vibrating  Mesh/Plate  Devices  and 
Conventional  Jet  and  Ultrasonic  Nebulizers 

In  V  itro  Comparisons  of  Efficiency  in  Aerosolizing 
Solutions 

Several  investigators  have  compared  the  performance  of 
vibrating  mesh/plate  aerosol  devices  and  conventional  jet 
and  ultrasonic  nebulizers. 

Using  an  adult  breathing  pallein.  ihc  Aeroneb  system 
was  shown  to  aerosolize  albuterol  solution  (0.083%)  at  a 
How  of  0.41  niL/min.  compared  to  0.20-0.36  niL/min 
with  various  jet  nebulizers,  such  as  the  PARI  LC  Plus, 
DeVilbiss  800,  Allegiance  Air  Life  MistyNeb,  and  Salter 
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Fig.  6.  A:  TouctiSpray  atomizing  tiead  design  employed  in  the  ODEM  inhaler  and  PARI  eFlow.  The  liquid  to  be  aerosolized  is  in  contact  with 
a  perforate  membrane.  An  electronic  drive  circuit  is  used  to  drive  a  piezoelectric  actuator.  The  TouchSpray  atomizing  head  contains  the 
piezoelectric  actuator  and  perforate  membrane.  Vibration  of  the  perforate  membrane  against  the  liquid  to  be  aerosolized  forms  small  jets 
that  emerge  from  the  perforate  membrane  and  form  droplets  of  precisely  controlled  size  and  low  velocity.  B:  Aerosol  produced  during 
operation.  The  dose  is  delivered  continuously  during  tidal  breathing.  C;  A  concept  model  of  an  ODEM  TouchSpray  Inhaler.  (Courtesy  of 
ODEM.  Royston,  Hertfordshire.  United  Kingdom.) 


Labs  8900.''  With  the  Acroneb  system  the  Miliiiiie  median 
diameter  (VMD)  ranged  IVom  4.1  Id  5.9  juni.  eoirespond- 
ing  to  a  mass  median  aerodynamic  diameter  (MMAD)  of 
1.4-2.8  /xm  and  a  fine  particle  fraction  of  60-70%.  Those 
values  compared  favorably  with  the  particle  sizes  gener- 
ated by  the  conventional  jet  nebulizers."  The  mass  of 
albuterol  in  the  fine  particle  fraction  with  the  various  nebu- 
lizers ranged  from  0.1  to  0.34  mg,  corresponding  to  3.9- 
13.5%  of  the  nominal  dose.  The  fine  particle  fraction  de- 
livered with  the  Aeroneb  Systein  was  comparable  to  that 
produced  by  the  breath-enhanced  PARI  LC  Plus  nebulizer 
and  was  higher  than  that  delivered  by  the  DeVilbiss  800. 
Allegiance  Air  Life  MistyNeb.  and  Salter  Labs  8900." 

Link  et  al  compared  the  performance  of  the  Aeioncb  Pro 
and  2  small-volume  jet  nebulizers  (MistyNeb  and  Vix- 
One).'"  The  ability  to  deliver  2.5  mg  of  0.083%  albuterol 
sullale  solution  was  tested  in  a  simulated  jXHliatric  patient 


receiving  mechanical  \'entilation  with  high-lrct|Liency  os- 
cillation. The  Aeroneb  Pro  delivered  3  times  more  albu- 
terol to  the  distal  end  of  the  endotracheal  tube  than  the 
conventional  small-volume  nebulizers.  In  contrast  to  the 
Aeroneb  Pro.  the  gas  flow  used  to  operate  the  jet  nebuliz- 
ers required  a  change  in  ventilator  variables,  and  refilling 
the  jet  nebulizers  required  interruption  of  ventilation.'" 

The  Aeroneb  Pro  was  compared  w  ith  the  .Siemens  Ultra 
Nebulizer  145  (SLIN  145)  in  a  model  of  adult  mechanical 
ventilation."  The  output  Irom  the  SUN  145  was  influ- 
enced by  medication  volume  and  by  the  air  How  through 
the  device  (al  6.  30.  and  60  L/min).  with  the  highest  output 
being  observed  at  60  L/min  (Fig.  7).  The  output  Irom  the 
Aeroneb  Pro  remained  stable  at  various  metlication  vol- 
umes and  air  How  rates."  In  contrast  to  the  SUN  145.  the 
Aeroneb  Pro  aerosolized  the  solution  e\ei)  in  the  im cried 
position  (with  the  ieser\(iir  abo\e  (he  aerosol  generator 
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Fig.  7.  A:  Effect  of  gas  flow  rate  and  medication  volume  on  the 
output  of  aerosol  by  the  Aeroneb  Pro  (AN  Pro)  and  Siemens  Ultra 
Nebulizer  145  (SUN  145)  ultrasonic  nebulizer.  The  gas  flow  rate 
and  medication  volume  influence  the  output  from  the  ultrasonic 
nebulizer.  The  highest  ouput  was  achieved  with  a  flow  of  60  LVmin 
and  medication  volume  between  2  and  4  mL.  In  contrast,  aerosol 
output  from  the  Aeroneb  Pro  was  not  influenced  by  those  fac- 
tors." B:  Solution  temperature  change  during  operation  of  the 
Aeroneb  Pro  and  SUN  145.  Solution  temperature  change  during 
20  minutes  of  operation  with  the  Aeroneb  Pro  was  significantly 
less  than  that  with  the  SUN  145  (p  <  0.01).  (Adapted  from  Refer- 
ence 11.) 


and  at  a  liiiihcr  le\el  llian  the  connection  to  the  \entilator 
circuit).  The  dead  volume  was  0.2-0.4  ml.  in  tiie  Aeroneb 
Pro  versus  0.8-1.2  mL  in  the  .SUN  145."  Though  both 
systems  delivered  comparable  amounts  of  aerosol  to  the 
distal  end  of  the  endotracheal  tube  during  mechanical  ven- 
tilation, heat  generation  in  the  medication  reservoir  over 
20  min  was  significantly  lower  in  the  Aeroneb  Pro  (2  ±  1'  C) 
than  in  the  SUN  145  (24  ±  3°  C)  (see  Fig.  7)." 

In  another  investigation  the  Aeroneb  Pro  was  compared 
with  the  Siemens  SUN  145.  the  Puritan  Bennett  ultrasonic 
Ea.syNeb.  and  2  jet  nebulizers  (Airlife  Mi.sty  Neb  and  Salter 
Labs  8900).'-  Each  nebuli/er  was  placed  in  the  inspiratory 
limb  of  a  heated,  humidified  ventilator  circuit.  A  Puiilan 
Bennell  760  v  entilator  provided  controlled  mechanical  v  en- 
tilation.  using  adult  ventilator  settings.  Each  nebuli/er  was 
filled  with  .^  mL  of  albuterol  sulfate  solution  (().()83'/f  ). 
and  the  aerosol  was  collected  bv  an  absolute  filler  con- 


nected lo  the  c\u\  of  an  endotracheal  lube  (8.0  mm  inner 
diameter).  Drug  tielivery  vviih  ihe  SUN  145  and  Aeroneb 
Pro  was  more  than  4-fold  higher  than  thai  with  the  jet 
nebulizers, '"  Furthermore,  the  efficiency  of  the  Aeroneb 
Pro  in  delivering  aerosol  to  the  distal  end  of  the  endolra- 
cheal  lube  improved  lo  approvmialely  40'/  of  the  nominal 
ilose  when  a  device  protlucing  a  finer  aerosol  was  used  in 
conjunction  wilh  0.5  mL  of  albuterol  solution  placed  in  the 
nebulizer.'-  This  improvement  in  the  efficiency  of  the 
Aeroneb  Pro  was  attribuieil  in  part  to  the  ability  of  the 
device  to  aerosolize  the  solution  almost  lo  the  last  drop,  so 
that  dead  volume  was  negligible.'- 

Using  a  simulated  adult  breathing  pattern,  the  amount  of 
drug  delivered  lo  fillers  by  the  Aerodose  Inhaler  was  com- 
pared to  that  by  the  PARI  LC  Plus."  Aerosol  particle  size 
distribution  from  the  Aerodose  Inhaler  (VMD  ±  geomet- 
ric standard  deviation  =  4.3  ±  2. 1  /j,m)  was  comparable  to 
that  from  the  PARI  LC  Plus  (4.8  ±  2.3).  Because  the 
Aerodose  Inhaler  is  brealh-aclualed  and  has  a  very  low 
dead  volume  (<  5  /xL).  the  nominal  dose  required  in  the 
Aerodose  Inhaler  to  achieve  comparable  drug  delivery  was 
one  fifth  of  the  nominal  dose  in  the  PARI  LC  Plus." 
Moreover,  the  treatment  time  was  less  with  the  Aerodose 
Inhaler  (<  2.5  min)  than  with  the  PARI  LC  Plus  (approxi- 
mately 10  min)."  Thus,  use  of  the  Aerodose  Inhaler  in  place 
of  the  PARI  LC  Plus  could  reduce  the  nominal  dose  and 
treatment  time  without  compromising  drug  delivery  and  clin- 
ical response. 

The  NE-U03  and  NE-U22  have  also  been  shown  to  pro- 
duce aerosols  with  the  majority  of  particles  in  the  fine  particle 
fraction  (MMAD  <  4.7  /xm).  These  devices  can  aerosolize 
up  to  70%  of  the  volume  of  solution  placed  in  the  nebulizer.'-* 

With  ODEM's  TouchSpray.  altering  the  diameter  and  ge- 
ometiy  of  the  perforations  in  the  membrane  modifies  the 
characteristics  of  the  aerosol.'^  The  TouchSpray  devices  pro- 
duce aero.sols  with  MMAD  of  2. 1  or  2.7  (u.m.  with  >  80%  of 
the  particles  in  the  aerosol  being  <  5  ju,m.'^ 

In  Vitro  Comparisons  of  Efficiency  in  Aerosolizing 
Suspensions 

A  simulated  pediatric  breathing  paileni  was  employed 
to  test  delivery  of  drug  suspensions  with  the  Aerodose 
Inhaler  and  the  PARI  LC  Plus."'  Butlesonide  suspension 
contains  irregularly  shapeil  ilrug  particles  vviih  mass  me- 
dian sizes  of  2.2-2.9  /nm  suspendetl  in  an  aqueous  medium 
(0.25  mg/mL).  With  ee|ual  amounts  (2  niL)  of  budesonide 
suspension,  the  dose  in  ihc  line  particle  liaclion  was  ap- 
proximately 3-fokl  higher  with  the  Aerodose  Inhaler,"' 
mainly  because  of  its  finer  particle  size  and  lower  dead 
volume. 

The  ability  of  Ihe  NE-U22  to  aerosolize  budesonide 
suspension  was  also  tletermined  in  vitro.'*  and  its  dead 
volume  and  distribution  of  particle  sizes  lend  lo  be  some- 
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v\hat  larger  than  that  reported  above  with  the  Aerodose 
hihaler.  For  example,  the  MM  AD  from  the  NE-U22  (using 
2  niL  of  budesonide  suspension)  was  4.8  /txm.  and  30%  of 
the  volume  remained  in  the  filter,  medication  container, 
and  vibrator  after  the  treatment.'-" 

Smart  et  al  reported  that  both  solutions  and  suspensions 
could  be  efficiently  aerosolized  with  the  TouchSpray  and 
that  the  majority  of  particles  were  in  the  fine  particle  frac- 
tion." TouchSpray  devices  could  be  modified  to  produce 
aerosols  of  budesonide  suspension  (5  mg/mL)  that  had 
MM  AD  as  low  as  2.2  /j.m.'^ 

Scintigraphic  Kvaluation  of  Pulmonary  Deposition  of 
Aerosol 

Pulmonary  deposition  of  inhalable  tobramycin  radiola- 
beled with  technetium-99m  diethylenetriamme  pentaacetic 
acid  ('''''"Tc-DTPA)  was  compared  in  9  healthy  subjects.' ■" 
On  2  separate  days  each  subject  received,  in  a  randomized 
order,  a  standard  label  dose  of  5  mL  (300  mg)  of  radiola- 
beled tobramycin  from  either  the  PARI  LC  Plus  Neb  with 
Pulmo-Aide  compressor  or  1  mL  (60  mg)  of  radiolabeled 
tobramycin  from  the  Aerodose  Inhaler.  Gamma  camera 
images  of  the  lungs  revealed  that  the  PARI  LC  Plus  neb- 
ulizer delivered  9. 1  ±  SD  2.2"7f  of  the  nominal  dose  to  the 
lungs,  whereas  the  Aerodose  delivered  35.4  ±  10.5%  of 
the  nominal  dose.  Despite  using  one  fifth  of  the  dose  of 
tobramycin  with  the  Aerodose  Inhaler,  the  amount  of  drug 
deposited  in  the  lung  was  similar  (21.2  ±  6.3  mg  with 
Aerodose  vs  27.2  ±  6.7  mg  with  PARI  LC  Plus).  More- 
over, the  nebulization  time  was  reduced  from  approxi- 
mately 20  min  with  the  PARI  LC  Plus  to  approximately  6 
min  with  the  Aerodose  Inhaler.'^  That  study  supports  ear- 
lier in  vitro  observations  that  the  Aerodose  Inhaler  has  a 
greater  efficiency  for  drug  delivery  to  the  lung  and  that 
similar  drug  delivery  could  be  achieved  by  decreasing  the 
nominal  dose  to  one  fifth  that  employed  in  a  conventional 
jet  nebulizer. 

With  the  TouchSpray  device  more  than  80%  of  the  liq- 
uid '''"'Tc-DTPA  placed  in  the  device  could  be  delivered 
to  the  lung  of  a  healthy  \c)lunteer."* 

Clinical  Kvaluation  of  De\  ices 

Concerns  have  been  expressed  about  drug  dose  with 
new  devices  that  have  a  much  higher  efficiency  of  deliv- 
ering aerosol  to  the  respiratory  tract.  Administering  the 
standard  dose  of  a  drug  with  these  devices  might  cause 
ad\erse  effects.  Clinical  studies  are  needed  to  determine 
the  appropriate  drug  doses  with  these  de\ ices. 

A  randomized,  observer-blinded,  cumulative-dose.  3-pe- 
riod  crossover  study  was  conducted  with  24  patients  with 
moderate  to  severe  asthma  (forced  expiratory  \olume  in 
the  first  second  IFEVJ  30-70%  of  predicted,  with  >  15% 


reversibility  after  albuterol  inhalation).'"  On  separate  days, 
patients  received  4  doubling  doses  of  albuterol  with  each 
of  the  study  devices  (62.25-498  /ig  with  the  AeroDose 
Inhaler:  312.5-2.500  /lig  with  the  PARI  LC  Plus:  and  100- 
800  fxg  with  the  Ventolin  E\i)haler  MDI).  Patients  were 
randomized  into  I  of  6  treatment  sequences  to  receive  all 
3  inhalation  treatments  in  a  balanced  crossover  design. 
FEV|  increased  by  more  than  300  mL  or  >  15%  from 
baseline  with  all  doses  except  the  lowest  dose  from  the 
Ventolin  MDI.  For  all  spirometric  variables  the  dose/re- 
sponse curve  for  PARI  LC  Plus  and  Ventolin  MDI  were 
similar.  In  contrast,  the  Aerodose  Inhaler  produced  bron- 
chodilator  efficacy  comparable  to  the  PARI  LC  Plus  while 
using  one  fifth  to  one  tenth  of  the  nominal  dose.'"*  No 
clinically  relevant  systemic  effects  were  observed  on 
plasma  potassium  level,  heart  rate.  orQTc  interval,  even  at 
the  highest  dose  levels,  with  any  of  the  de\  ices  or  doses. 
Thus,  with  the  Aerodose  Inhaler  the  nominal  dose  of  bron- 
chodilator  solution  could  be  reduced  by  a  factor  of  1 :5  or 
1:10  (compared  to  the  PARI  LC  Plus)  without  compro- 
mising bronchodilator  efficacy  or  safety. 

A  prospective,  randomized.  in\esiigator-blinded.  5-way 
crossover  study  compared  the  response  to  ipratropium  bro- 
mide delivered  via  Aerodose  Inhaler  versus  via  PARI  LC 
Plus  in  patients  with  stable  chronic  obstnicti\e  pulmonary 
di.sease.-"  Response  to  ipratropium  bromide  solution  (0.2%) 
with  the  Aerodose  Inhaler  (0.05,  0.1,  and  0.2  mg)  or  placebo 
(0.9%  saline)  given  \ia  Aerodose  Inhaler  were  compared 
with  the  standard  dose  of  0.5  mg  delivered  \ia  P.'XRl  LC  Plus. 
The  area  under  the  curve  for  FEV,  q_^  ^  (ie.  during  the  4 
hours  following  administration)  and  peak  change  in  FEV, 
with  0.1  mg  and  0.2  mg  of  ipratropium  bR)mide  with  the 
Aerodose  Inhaler  were  similai-  to  those  obtained  with  0.5  mg 
of  ipratropium  bromide  with  the  PARI  LC  Plus.  The  area 
under  the  cur\e  for  FEV,  q_^  |^  and  peak  change  in  FEV,  in 
response  to  the  0.05  mg  dose  with  the  Aerodose  Inhaler  w  ere 
lower  than  those  w  ith  the  P.ARI  LC  Plus.-"  These  findings 
lend  further  support  to  the  \  iew  that  the  higher  efficiency  of 
lung  delivery  with  the  Aerodose  Inhaler  could  allow  substan- 
tial reduction  of  dose  w  ithout  compromising  efficacy. 

Aerosolization  of  Insulin 

The  ability  to  \ar\  particle  size  distribution  bs  altering 
the  size  of  the  plate's  aperture  was  investigated.-'  Two 
types  of  Aerodose  Inhaler,  one  w  ith  VMD  of  3.5  ixm  and 
another  with  VMD  of  4.5  ju.m,  were  selected.  With  the 
larger  aerosol  particle  size  the  aerosolization  rate  of  a  com- 
mercial insulin  fomiulation  was  higher,  but  the  fine  particle 
traction  w as  lower.  That  study  demonstrated  that  the  pailicle 
size  distribution  could  be  varied  by  changing  the  size  of  the 
aperture  plate  holes.-'  Drug  deliveiy  to  the  respiratory  tract 
could  thus  be  precisely  controlled  by  using  different  size 
aperture  holes  for  different  clinical  applications. 
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Kapil/a  el  al  iinestigated  the  impaci  of  panicle  si/e  and 
aerosoli/ation  time  \\  ith  the  Aerodose  Inhaler  on  the  met- 
abolic cft'ect  ol  an  inhaled  insulin  aerosol.--  They  used 
Aerodose  Inhalers  that  produced  aerosols  of  2  tlifferent 
particle  sizes  but  both  with  MMAD  <  3  /um.  One  ol  the 
inhalers  produced  a  tine  aerosol,  whereas  the  other  prii- 
duced  a  very  line  aerosol.  l\vo  dittcrent  aerosoli/ation 
times  were  employed  (for  either  the  first  2  s  of  a  5  s 
inhalation  or  l\)r  4  s  of  a  5  s  inhalation).  Thirteen  healthy 
\olunteers  were  inxoKed  in  a  euglycemic  glucose  clamp 
study  (180  min  baseline,  clamp  le\el  5.0  mM/L.  continu- 
ous intra\enous  msuhn  infusion  0.1.5  mU/kg/min).  Each 
subject  recei\ ed  0. 1  .^  U/kg  regular  insulin  on  the  first  study 
day.  On  the  following  4  stud\  days.  \.5  U/kg  of  inhaled 
in.sulin  was  administered  as  a  fine  or  \'ery  fine  aerosol, 
using  either  2-s  or  4-s  deli\er\  times.  Glucose  infusion 
rates  were  measured  for  the  subsequent  6  hours.  Inhaled 
insulin  had  a  faster  onset  of  action  (defined  as  time  to  half 
maximum  action)  than  subcutaneous  injection.  Aerosol- 
ization  time,  but  not  differences  in  particle  size  distribu- 
tion, significantly  influenced  the  metabolic  effect  of  in- 
haled insulin.--  The  4-second  aerosoli/ation  time  resulted 
in  significantly  higher  maximum  metabolic  action,  total 
metabolic  acti\  ity,  and  relative  biopotency  than  the  2-sec- 
ond  aerosolizatiim  time.--  The  metabolic  effect  of  inhaled 
insulin  was  therefore  changed  by  altering  the  aerosol  par- 
ticle size  distribution  and  aerosolization  time  per  breath. 
The  highest  relative  biopotency  was  achieved  with  the 
combination  of  the  very  fine  particle  size  and  the  4-second 
aerosolization  time.--  Tlie  ability  to  customize  delivery  by 
changing  aerosol  characteristics  would  allow  rational  selec- 
tion of  an  optimal  inhaler  configuration  in  future  studies. 

ODEM's  TouchSpray  device  can  efficiently  aerosolize 
human  insulin  (Velosulin.  100  U/mLl  and  bovine  serum 
albumin  (40  mg/niL)  into  fine  particles  with  mean  recov- 
ery rates  >  90%." 

Aerosolization  of  Deoxyribonucleic  Acid 

Deoxyribonucleic  acid  (DNA)  is  substantialK  degraded 
during  nebulization  with  con\entional  jet  nebulizers.--* 
Smart  et  al  determined  whether  ODEM's  TouchSpray  de- 
vice could  efficiently  nebulize  plasmid  DNA.-"^  Two  mam- 
malian expression  plasmids  harsested  from  Escherichia 
coli  DH5a  strains  (pRep5  and  pCDNA-HEW)  were  tested. 
PRep5  is  a  circular  plasmid  DNA  (11.0  kilobase  pairs 
[kb]),  whereas  the  pCDNA-HEW  is  a  digested,  linearized 
DNA  segment  (4.5  kb).  Volumes  of  300  fiL  pRep5  and 
pCDNA-HEW  1000  /xL  were  aerosolized  at  concentra- 
tions ranging  from  2.5  to  100  ng//nL.  The  particles  in  the 
aerosol  generated  were  mostly  in  the  tine  particle  frac- 
tion.-'^ Most  (approximately  90^f )  of  the  circular  pRep5 
plasmid  DNA  molecules  and  approximately  5(V/(  of  the 
pCDNA-HEW  molecules  were  degraded  during  nebuliza- 


tion.-^ Rec(ner\  of  intact  DNA  was  improved  by  either 
I  ineari/ingpKep5  or  by  using  smaller  fragments  of  pCDNA- 
HEW  (1.5  kb  vs  3  kb).=^  More  than  90' i  of  the  1.5  kb 
linear  pCDNA-HHW  plasmid  was  reco\ered  intact  after 
aerosoli/ation.-^  The  smaller  and  lineari/ed  DNA  mole- 
cules may  be  more  tlexible  and  less  easily  degraded  by  the 
toisional  stresses  encounleretl  during  aerosoli/ation. 

Limitations/Drawbacks 
of  Vibratins  Plate/Mesh  Devices 

Ob\iously.  at  present  clinical  experience  with  routine 
use  (or  misuse)  of  these  devices  (that  create  aerosol  with  a 
vibrating  mesh  or  plate  with  multiple  apertures)  by  pa- 
tients outside  the  setting  of  clinical  trials  is  limited.  How- 
e\er.  most  patients  can  be  trained  to  use  these  new  devices 
w  ithout  difficulty.  The  cost  of  these  devices  is  much  higher 
than  that  of  conventional  jet  nebulizers  but  may  be  lower 
than  that  of  some  ultrasonic  nebulizers.  The  cost  may  vary 
but  will  probably  be  $200  to  S300  for  each  device.  That 
cost  may  decline  as  consumer  demand  increases.  Concerns 
have  also  been  expressed  about  blockage  of  the  minute 
apertures  with  drug  particles,  particularly  when  suspen- 
sions are  aerosolized.  This  problem  may  be  more  impor- 
tant for  some  de\  ices  than  for  others.  Regular  cleaning  of 
the  device  needs  emphasis.  Because  of  the  higher  effi- 
ciency of  drug  delivery  to  the  lung,  the  drug  doses  and 
volume  of  solution  used  need  to  be  reduced  to  prevent 
adverse  effects.  The  "all-purpose"  nebuli/er  may  become 
obsolete,  with  each  new  device  being  marketed  with  a 
specific  drug.  Manufacturers  may  not  find  it  attractive  to 
invest  their  resources  in  administering  commonly  used 
drugs,  opting  instead  to  deliver  more  expensive  "designer" 
drugs  with  this  new  technology.  Such  an  approach  could 
limit  the  applications  for  this  new  technology. 

Summary 

Several  electronic  nebulizer  devices  that  use  a  \  ibrating 
mesh  or  plate  with  multiple  apertures  to  generate  a  fine- 
particle,  low-velocity  aerosol  have  been  marketed  or  will 
shortly  become  available  for  clinical  use.  These  devices 
have  a  high  efficiency  of  delivering  aei\)sol  to  the  lung, 
such  that  the  nominal  dose  of  drugs  to  be  administered 
could  be  substantially  reduced.  Moreover,  the  dead  vol- 
ume is  negligible,  so  there  is  potential  to  improve  the 
cost-effectiveness  of  administering  expensive  medications. 
Because  these  devices  nebulize  at  a  faster  rate  than  con- 
ventional jet  or  ultrasonic  nebuli/ers.  the  duration  of  each 
treatment  could  be  shortened.  These  devices  efficiently 
nebulize  solutions  and  suspensions:  the\  have  been  suc- 
cessfully used  for  aerosolizing  insulin,  other  proteins  and 
peptides,  and  fragments  of  DNA.  These  versatile  and  por- 
table devices  could  be  employed  for  a  wide  variety  of 
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clinical  applications,  including  the  delivery  of  aerosols  For 
systemic  therapy  and  gene  transfer. 

Devices  that  use  a  vibrating  mesh  or  plate  with  multiple 
apertures  to  generate  an  aerosol  from  a  liquid  medication 
have  overcome  many  of  the  limitations  associated  with 
conventional  jet  and  ultrasonic  nebulizers.  These  devices 
have  a  high  efficiency  of  delivering  dnigs  to  the  respiratory 
tract  and  the  versatility  to  modify  the  aerosol  chaiacteristics 
according  to  the  clinical  application  for  which  they  are  em- 
ployed. With  these  devices  clinicians  will  be  able  to  precisely 
control  drug  delivery  to  the  respiratoi^  tract. 
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Di.scus.sion 

Ran:  Raji\.  thank  \oti  for  a  fascinat- 
ing piesentation.  Why  does  the  sojuiiim 
temperature  iwl  increase  in  the  Aerogen 
or  Omron  devices'.'  Is  it  the  lower  fre- 
quency, or  lower  power  and  aiDpliUidc 


of  the  motion?  Where  do  they  get  rid  of 
the  energy  that  we  normally  sec  as  heat 
in  the  traditional  ultrasonic  nebiili/er'.' 

Dhand:  With  the  slandatd  ultrasonic 
ncbiili/er  the  piezoelectric  crystal  fo- 
cuses energy  oiiio  the  liL|tiid.   It's  a 


high  energy  and  it"s  focused,  and  that's 
v\hv  heat  is  generated.  In  the  Aerogen 
and  Omron  devices  the  liquid  is  not 
really  energized. With  the  Aerogen 
technology  the  piezoelectric  crystal 
contracts  and  expands,  and  there  is 
about  l-mici'i>n  ol  displacement  of  the 
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doniei.l  aperture  plate  v\ithin  the  liq- 
uid. Because  of  that  niininial  iiune- 
ment  \er>  little  energy  is  required  and 
theretore  \er\  little  heat  is  generated. 
With  the  Oniron  NE-UO.^  the  energx 
requirement  i.s  ver\  much  l(n\er.  Stan- 
dard ultrasonic  nebulizers  operate  in 
the  range  of  1.5  MHz.  whereas  the 
NE-U03  operates  at  only  65  kHz.  The 
NE-U22  requires  more  energy  but  it 
is  still  in  the  kilohertz  range:  1  believe 
it"s  alx)ut  135  kHz.  Also,  again,  the  en- 
ergs'  is  not  directed  toward  the  medica- 
tion. In  the  case  of  the  NE-U22.  its  the 
horn  that  vibrates,  and  that"  s  what  moves 
the  liquid  through  the  mesh. 

Smaldone:  The  older  Omron  de- 
vices were  very  sensitive  to  mainte- 
nance: there  was  a  video  (that  was 
hard  to  follow)  on  how  to  clean  it. 
The  newer  devices.  1  think,  are  more 
robust.  So  I'm  wondering  about  clog- 
ging and  cleaning.  There  are  a  lot  of 
little  holes  in  there. 

Dhand:  That  is  an  excellent  point. 
Obviously,  if  you"re  using  a  suspen- 
sion that  contains  larger  particles,  there 
will  be  a  chance  that  the  holes  get 
clogged  up.  However.  Jim  [Fink|  told 
me  that  with  the  Aerogen  device 
they've  not  experienced  that  problem, 
and  it  might  be  that  the  pumping  ac- 
tion itself  is  a  cleaning  action  for  the 
holes.  Certainly  when  the  devices  come 
into  clinical  use  we  might  find  other 
problems,  but  with  the  in  vitro  and  clin- 
ical testing  that  has  not  been  a  problem. 
In  the  devices  wo  used  w  ith  our  patients 
w  ith  chronic  obstnictive  pulmonan  dis- 
ease, we  didn't  see  that  problem.  The 
devices  aerosolized  verv'  efficiently. 

Fiel:*  1  have  a  question  about  the 
reliability  of  some  of  these  devices. 
Based  on  the  range  of  solutions  that 
might  be  used  in  routine  practice, 
whether  it  be  with  proteins  or  not.  are 
certain  devices  better  than  others  in 


*  Stanley  B  Fiel  MD.  MCP  Hahnemann  Uni- 
versity. Philadelphia.  Pennsylvania  (discussant 
for  Mdnaghan  Trudell.  Syracuse.  New  York). 


relation  to  reliability  or  the  way  they 
work?  Whether  it  be  the  vibrating  horn 
or  some  other  technology  or,  as  Get ly 
Smaldone  pointed  out.  small  particles, 
do  you  hav  e  a  sense  of  one  that  iiiii;lir 
be  better,  at  least  iheorelicallv .  I'roni 
vour  e\|icriciice'.' 

Dhaiid:  I  don't  have  any  personal 
experience  with  the  Omron  NE-U22. 
but  I  do  hav  e  experience  w  ith  the  Aero- 
gen device,  and  1  believe  that  it  will 
work  well  with  suspensions,  proteins, 
and  even  peptides. 

Geller:  Great  presentation.  Rajiv.  I 
had  some  experience  with  the  Omron 
MicroAir  device.  We  measured  laser 
particle  size  of  around  7.5-8  microns 
MMAD.  The  device  was  engineered 
to  be  equivalent  to  older  devices,  not 
better  than,  in  terms  of  respirable  or 
fine  particle  dose.  It  nebulizes  almost 
everything  in  the  cup.  but  the  particle 
size  was  much  larger,  so  you  end  up 
with  the  same  respirable  dose. 

Dhand:  1  think  one  of  the  changes 
they  made  was  to  the  characteristics 
of  the  plate.  The  original  device  had  a 
ceramic  plate,  and  this  one  has  an  al- 
loy, electroplated  plate  that  will  prob- 
ably give  a  better  and  more  uniform 
particle  distribution. 

(Jeller:  We  also  did  a  "proof  of 
concept"  trial  with  TOBl  [inhalable 
tobramycin  solution]  and  showed  thai 
it  took  almost  100  mg  of  TOBI  in  the 
Aerodose  versus  300  mg  in  the  PARI 
LC  Plus  to  get  similar  sputum  and  se- 
rum levels.  That  paper  will  be  pub- 
lished in  CHEST  soon.  One  of  the  en- 
gineering problems  encountered  is  that 
the  Aerodose  was  not  really  meant  to 
be  used  with  tidal  breathing.  During 
the  study  the  patients  were  tidal  breath- 
ing, .so  one  of  the  problems  that  oc- 
curred was  that  some  of  the  tobramy- 
cin would  get  into  the  electronics  of 
the  device  and  gum  it  up.  The  device 
wasn't  reusable  at  that  point.  And 
that's  Just  one  of  the  engineering  is- 
sues that  can  be  worked  through  over 


time  (1  hope)  to  make  that  device  into 
a  tidal  breathing  device.  When  yt)u 
take  a  dev  ice  that  is  meant  to  be  used 
one  way  and  try  to  use  it  in  a  different 
way.  it  might  not  always  work. 

Dhand:  That's  a  very  valid  point. 
Obviously,  we  don't  have  all  the  an- 
swers right  now.  But  certainly,  we're 
on  the  right  track,  and  I  believe  these 
devices  represent  an  iinportant  ad- 
vance. 

O'Kiordan:  How  do  they  change 
the  particle  size  for,  .say,  insulin  ver- 
sus albuterol'?  Is  that  a  function  of  the 
vibration  frequency'.' 

Dhand:  No,  it  has  to  do  with  the 
size  of  the  holes.  You  can  vary  the 
size  of  the  holes  and  thereby  the  par- 
ticle size. 

Dolovich:  Siemens  came  out  with  a 
nebulizer  that  was  an  integral  part  of 
their  ventilator  circuitry.  They  had  a 
large-cup  device  and  a  small-cup  de- 
vice. The  large  cup  was  ineffective 
because  the  coupling  was  nonexistent 
for  the  fluid  in  the  cup.  Do  you  see 
any  of  these  other  devices  being  used 
in  in-line  ventilator  circuits'.' 

Dhand:  I'm  going  to  defer  that  ques- 
tion to  Jim  I  Fink  j.  because  1  think  he 
did  some  testing  with  that  device. 

Fhik:"  The  Aeroneb  Pro  is  the  ap- 
plication of  the  Aerogen  aerosol  gen- 
erator technology  designed  for  use 
with  mechanical  ventilation.  Besides 
being  relatively  small  and  light,  so  that 
it  can  be  placed  closer  to  the  patient  in 
the  ventilator  circuit,  the  orifices  in 
the  aerosol  generator  are  so  small  that 
it  docs  not  perceptibly  leak  gas  when 
the  nebulizer  reservoir  is  open  to  the 
atmosphere.  The  Aerodose  inhaler 
used  in  the  TOBI  study  was  an  early 
version  of  our  breath-actuated  inhaler. 


-'  .lanios  B  F-iiik  MSc  RRT  FA  ARC.  Aerogen. 
Mountain  View.  California. 


Respiratory  Care  •  December  2002  Vol  47  No  1 2 


1417 


Ni.iin.i/HRs  THAI  Usi-:  a  Vibkahno  Mksh  or  Platl  with  Multipli:  Api;rtl'ri;s 


which  was  designed  lor  a  deep  brealh 
and  hicath-hold  maneuxer.  so  ihal  it 
needed  lo  be  "smoked"  by  the  pa- 
tient for  use  with  tidal  breathing.  The 
newer  version  of  the  Aerodose  in- 
haler can  be  used  for  deep  breath  or 
tidal  breathing. 

Maclnt>re:  We've  heard  2  presen- 
tations in  this  conference  about  de- 
vices that  improve  lung  deposition  by 
2  or  3  times  over  what  we're  used  to. 
Is  it  just  because  you're  making 
smaller  particles  and  that  the  aerosol 
can  be  delivered  with  tidal  breathing? 
Is  that  all  there  is  to  it?  A  better. 
cleaner,  smaller  aerosol  cloud? 

Dliand:  Also  a  slower-moving 
cloud,  nunc  uniform  particle  size  dis- 
tribution, and  with  the  Aerodose.  1 
think  the  breath-actuation  is  a  very  im- 
portant part  of  it. 

Smaldone:  Nebulized  drug  delivery 
during  tidal  breathing  has  certain  ad- 
vantages, and  the  slow  particle  veloc- 
ity is  very  important  because  it  helps 
minimize  oropharyngeal  deposition. 
And  the  less  the  dead  volume,  the  bet- 
ter the  efficiency.  To  me  the  differ- 
ence between  the  old  technology  and 
the  new  is  the  difference  in  dead  vol- 
ume. These  mesh  devices  are  one  of 
the  first  attempts  to  minimize  dead  vol- 
ume, although  the  non-nebulizer 
"squirters"  such  as  AERx  also  have 
very  small  dead  volume.  Once  you  get 
rid  of  the  dead  volume,  then  all  the 
advantages  of  nebulizers  come  out.  in 
terms  of  their  ability  to  deliver  aero- 
sol lo  the  lung. 

Gomez:  1  v\ould  point  out  that  these 
nebulizers  we're  di.scussing  are  all  "ul- 
trasonic" nebulizers,  because  they  all 
operate  above  20  kHz.  even  though 

the  community  seems  lo  make  some 
distinctions. 

Fink:  I'm  not  sure  that  everything 
that  uses  a  piezoelectric  ceramic  ele- 
ment is  best  described  as  ultrasonic. 
The  Aerogen  technoloizv   nnis  at  a 


lower  frequenc).  does  not  generate 
heat,  and  uses  a  totally  different  mech- 
anism to  generate  aerosol  than  do  stan- 
dard ultrasonic  nebulizers.  It  seems 
that  this  is  sufficient  to  merit  a  differ- 
entiating name  for  the  principle  mech- 
anism of  aerosol  generation. 

Gomez:  1  agree.  They're  quite  dif- 
ferent. But  both  rely  on  ultrasonic  ex- 
citation. Perhaps  we  should  use  a  bet- 
ter-suited terminology  to  highlight  the 
distinctions  among  the  various  types. 
I  was  interested  in  that  plate  with 
the  converging  nozzles.  Do  you  know 
how  they  make  it'^  You  seemed  to  in- 
dicate that  it's  of  the  vibrating-orifice 
type,  which  should  produce  strictly 
single-size  dixiplets.  If  that's  so,  why 
the  spread  in  size  distribution?  Is  it 
because  the  How  rates  are  not  uniform 
across  the  single  holes? 

Fink:  The  Aerogen  aperture  plate  is 
created  through  an  electroplating  pro- 
cess that  allows  us  to  build  the  funnel- 
shaped  apertures  with  a  specified  exit 
diameter,  depending  on  application. 
The  diameter  of  the  aerosol  particle  is 
directly  related  to  the  aperture  exit  di- 
ameter. The  devices  you  referred  to  as 
monodisperse  may  use  one  aperture  to 
produce  aerosol.  With  approximately 
1 ,000  apertures  on  a  domed  plate  pump- 
ing aerosol,  we  tend  to  produce  aerosols 
that  ;ire  not  quite  monodisperse.  v\  ith  a 
geometric  standard  deviation  of  1 .9-2.0 
fxm  rather  than  1 .4  /j,m. 

Dennis:  Geiry  | Smaldone]  said  that 
we  have  increased  efficiency  because 
we  have  smaller  dead  volume  (which  is 
true)  and  longer  ncbulization  time;  we 
need  to  train  and  educate  people  that  a 
longer  ncbulization  time  isn't  necessar- 
ily bad:  if  a  de\ ice  becomes  \ery  effi- 
cient, then  you  can  stop  ncbulization 
when  the  dose  is  right.  We're  still  neb- 
ulizing a  standard  ampule  xolumc. 

These  de\ ices  also  have  the  poienlial 
of  much  greater  efficienc\  because  ihes 
don't  waste  aerosol  to  the  cm  iionment. 
So  for  some  of  them  vou  only  nci  the 


aerosol  nihalation.  1  think  that's  as  im- 
portant as  the  small  dead  volume. 

The  third  thing  is  that  these  de\'ices 
don't  use  compressed  air.  So  if  you've 
measured  a  standard  particle  size  with 
the  laser,  that  measure  is  really  dis- 
tanced from  the  conditions  when  the 
patient  inhales.  The  particle  size  mea- 
surement method  should  invoke  the 
inhalation  system  that  w  ill  be  used  by 
the  patient,  so  you  inhale  all  these  aero- 
sols that  are  not  being  generated  in  a 
saturated  cloud — they  just  come  into 
being  and  are  pulled  into  ambient  air. 
and  that  ambient  air  w  ill  become  sat- 
urated from  water  \apor  drawn  from 
the  droplets.  If  xou  ha\e  a  \ery  sinall 
amount  of  emission  from  these  de- 
vices, all  the  liquid  w ill  e\aporate  and 
you'll  end  up  v\ith  dry  powder.  So. 
tacticall> .  this  could  pro\  e  to  be  a  very 
good  avenue  for  producing  dry  pow- 
der inhalers. 

On  the  down  side,  w  ith  de\  ices  that 
have  variable  output  (it  might  be  30 
or  50  or  100  mL/min)  there  will  be 
\arious  amounts  of  evaporation,  so  you 
lose  control  of  particle  size.  Taking 
this  observation  further,  the  rate  of  to- 
tal aerosol  output  ultimately  controls 
particle  size  from  bolus  de\ ices  when 
they  start  getting  down  to  low  out- 
puts, below  50  mL/min.  If  the  bolus 
output  is  higher  than  about  50  fiL,  the 
evaporation  doesn't  really  matter,  be- 
cause it  is  minimal  compared  to  the 
overall  aerosol  output.  In  any  case, 
the  wa>  the  patient  uses  the  device 
must  be  taken  into  consideration  in 
measuring  particle  size. 

This  is  really  a  warning  to  users 
and  manufacturers:  that  with  variable 
output  you're  going  to  have  variable 
droplet  size.  One  of  the  challenges  to 
manufacturers  is  to  o\  ercome  the  tech- 
nical difficulties  and  make  de\  ices  that 
arc  not  variable  in  oulpul.  1  think  there 
are  technical  difficulties  in  making  all 
the  devices  right  now.  but  these  are 
being  overcome — there  are  3  or  4  sep- 
arate companv  dev  elopments.  so  some 
of  them  are  going  to  make  it  to  mar- 
ket. I  think  these  will  be  issues  when 
thev  do  come  to  market. 
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This  review  explains  the  fundamentals  of  electrostatic  spray  (electrospray)  atomization,  with  em- 
phasis on  operation  in  the  so  called  cone-jet  mode,  which  produces  droplets  with  a  very  narrow  size 
distribution.  Since  the  control  of  droplet  size  is  key  to  maximizing  distal  lung  deposition,  the 
electrospray  should  be  well-suited  to  targeted  drug  inhalation.  Electrospray  droplets  are  a  few 
micrometers  in  diameter,  but  they  originate  from  a  much  larger  nozzle,  which  allows  nebulization 
of  suspensions  without  clogging.  Also  discussed  are:  the  physical  principles  of  the  break-up  of  the 
liquid  ligament;  droplet  dispersion  by  Couhmibic  forces;  and  the  most  important  scaling  law  linking 
the  droplet  size  to  liquid  flow  rate  and  liquid  physical  properties.  The  effects  of  the  most  critical  of 
those  properties  may  result  in  some  restrictions  on  drug  formulation.  Droplets  produced  by  elec- 
trospray are  electrically  charged,  so  to  prevent  electrostatic  image  forces  from  causing  upper 
respiratory  tract  deposition.  The  charge  is  neutralized  by  generating  a  corona  discharge  of  opposite 
polarity.  Briefly  discussed  are  the  main  differences  between  the  laboratory  systems  (with  which  the 
electrospray  has  been  quantitatively  characterized  during  research  in  the  past  10  years)  and  com- 
mercial electrospray  inhalers  under  development  at  BattellePharma.  Some  remarkable  miniatur- 
ization has  incorporated  liquid  pump,  power  supply,  breath  activation,  and  dose  counter  into  a 
palm-size  portable  device.  The  maximum  How  rates  dispersed  from  these  devices  are  in  the  range 
of  8-16  ixlJs,  which  makes  them  suitable  for  practical  drug  inhalation  therapy.  Eabrication  is 
economically  competitive  with  inexpensive  nebulizers.  Dramatic  improvements  in  respirable  dose 
efficiency  (up  to  78%  by  comparison  with  commercial  metered-dose  inhalers  and  dry  powder 
inhalers)  should  ensure  the  commercialization  of  this  promising  technology  for  targeted  drug 
inhalation.  Key  words:  turgetccl  tlrni;  delivery,  inludation.  iiebulizution.  elecirosprax.  elecinisUitie  spray, 
aerosol.     \  Respir  Care  20()2;47(  121:1419-1431] 


Introduction 

Brownian  diffusion.  Targeting  deposition  to  specific  areas 

Deposition  ot  inhaled  aerosol  occurs  by  3  physical  mech-  of  the  respiratory  tract  can  be  achieved  by  controlling  the 

anisms:  inertial  impaction,  gravitational  sedimentation,  and  size  of  the  aerosol  droplets,  which  in  turn  affects  the  dep- 
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osition  mechunisin.  The  objective  is  to  deliver  the  drug 
directly  to  the  site  of  action  and  thereby  niininii/e  the  dose 
required  to  achieve  an  adequate  response  to  the  iniialation 
therapy.  This  approach  may  be  particulary  advantageous 
when  cost  and/or  adverse  effects  are  of  concern. 

Aerosol  generators  lor  drug  inhalation  range  from  rel- 
atively simple,  inexpensive  types  to  large,  expensive,  and 
complex  systems.'  Examples  of  the  first  category  are  jet 
nebulizers,  pressurized  metered-dose  inhalers,  and  dry  pow- 
der inhalers,  which  generate  a  polydisperse  distribution  of 
aerosol  droplets  or  particles.  At  the  other  end  of  the  spec- 
trum are  much  more  complex  alternatives,  such  as  the 
modified  Sinclair-La  Mer  generator,^  capable  of  generat- 
ing (by  condensation  methods)  monodisperse  particles  to 
be  stored  in  a  large  Nolume  prior  to  inhalation.  However, 
construction  and  operation  of  that  type  of  generator  is 
complex  and  confines  its  use  to  research  applications.  A 
few  liquid  nebuli/ation  technologies  have  recently  emerged 
that  offer  control  of  the  distribution  and  size  of  the  aerosol 
droplets,  are  amenable  to  miniaturization,  and  are  suffi- 
ciently inexpensive  to  provide  appealing  alternatives  to 
traditional  inhalers.  The  present  review  focuses  on  tech- 
nologies that  use  one  or  more  electrosprays  to  nebulize 
liquid  formulations.  The  term  clcctrosturic  spray  (also 


*  Total  lung  deposition,  when  plotted  versus  partiele  diameter.  e\hibus  a 
minimum  at  around  0.5  fxm.'  Even  lh<iugli  substantial  deposition  eould 
he  aehieved  hy  Brownian  diffusion  with  parlieles  smaller  than  0.5  /jm. 
that  deposition  would  not  be  targeted,  since  such  ultratuie  particles  would 
be  likely  to  deposit  anywhere  in  the  respiratory  tract.  For  particles  larger 
than  0.5  /im.  inertial  impaction  and  gravitational  sedimentation  prevail, 
since  particle  diffusion  coefficients  are  too  small  for  diffusion  to  be 
substantial.  The  optimal  size  range  for  maximal  deposition  in  the  deep 
lungs  is  2-5  /nin.-  For  such  particles,  sedimentation  plays  an  important 
role  only  when  gas  velocities  are  sulficiently  low.  since  sedimentation 
velocities  are  on  the  order  of  10  "  cm/s  (for  a  particle  density  of  1  g/cm'l. 
These  conditions  are  met  in  the  peripheial  airways  and  the  pulmonary 
area  (eg.  airway  generations  16-23).-  But  before  sedimentation  can  play 
a  substantial  role  in  deposition,  particles  must  reach  the  distal  lung  re- 
gion. To  that  end.  control  of  droplet  inertial  behavior  is  critical.  Physi- 
cally it  is  required  that  the  particle  Stokes  number,  defined  as: 


Si  : 


l8fX  T, 


(1) 


be  sufficiently  small  (<  0.1).  This  number  is  the  ratio  of  a  particle's 
relaxation  time,  defined  in  terms  of  the  particle  density  (pp).  the  diameter 
(I)),  the  gas  dynamic  viscosity  (/n).  and  a  characteristic  fiuid  time  (-,). 
The  strong  dependence  of  the  Stokes  number  on  size  implies  that  tiugeted 
deposition  can  be  achieved  only  through  control  of  aerosol  droplet  size 
and  si/.e  distribution,  which  depends  on  the  type  of  aerosol  generator 
used.  For  example,  a  nebulizer  that  produces  an  aerosol  with  a  substantial 
"tail"  of  large  droplets  in  the  distribution  would  be  unsuitable,  since  the  large 
droplets,  which  contain  a  considerable  fraction  of  the  liquid  volume  aero- 
solized, wiiuld  have  relatively  large  Stokes  numbers  and  would  impact  in  the 
upper  respiratory  tract.  The  Stokes  number  relationship  also  implies  that 
ncbuli/alion  iinisi  he  sutficienlly  "soft"  to  keep  the  lluid  time  (t, )  large. 


Fig.  1 .  Prototypes  of  the  portable  inhaler  (top)  and  of  the  benchtop 
device  (bottom)  developed  by  BattellePharma,  as  a  result  of  de- 
sign evolutions  through  the  summer  of  2002.  (Courtesy  of  Donna 
Palmer  and  William  Zimlich.  BattellePharma.  Columbus,  Ohio.) 

known  as  electnihydrnciynamic  spray  or  electrospray)  is 
used  in  this  review  with  relerence  to  systems  in  which  the 
dispersitin  of  the  liquid  relies  solely  on  its  electric  charg- 
ing, so  thtil  nebulization  and  gas  flow  processes  are  rela- 
tively uncoupled.  The  potential  for  an  electrospray-based 
technology  for  targeted  inhalation  was  first  recognized 
by  Tang  and  Gomez. ^  Recent  developments  at  Battelle- 
Pharma have  generated  considerable  interest  in  this  ap- 
proach. Figure  I  shows  the  latest  prototypes  of  inhalers 
developetl  hy  HaitellePharma.  incltiding  a  portable  de\ ice 
and  ;i  benchtop  alternative.  High-voltage  electricity  sup- 
pl\.  pumping,  tli'oplet  discharging,  and  breath  activation 
have  been  folded  into  a  successfullv  miniatiiri/ed  svstem. 
To  be  able  to  rely  on  the  extensive  characleri/ation  in 
the  literature  tiiul  to  avoid  being  enciiiiibercd  bv  the  ■"bells 
and  whistles""  of  commercial  devices,  attention  here  is  re- 
stricted to  a  ptirticular  type  of  electrosprav  thtil  captures 
the  salient  lealtires  of  the  BattellePharma  inhalers.  Such  a 
spray  can  be  implemented  verv  simpiv  by  feeding  a  liijtiid 
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Fig.  2.  A  simplified  electrospray  system  for  laboratory  studies. 
(From  Reference  5,  with  permission.) 


with  .sufficient  electrical  conductivity  and  moderate  sur- 
face tension  through  a  capillary  tube  and  charging  it  by  a 
metal  electrode  in  contact  with  the  liquid  and  maintained 
at  several  kilovolts  relative  to  a  ground  electrode  a  short 
distance  away.  This  type  of  electrospray  has  the  additional 
feature  of  a  tight  control  of  the  size  distribution  of  the 
aerosol,  as  will  be  shown  below.  The  objective  is  to  review 
the  physical  principles  underlying  the  operation  of  such  an 
electrospray  and  to  examine  the  potential  limitations  im- 
posed by  certain  requirements  in  the  physical  properties  ol 
the  aerosolized  liquid,  which  ultimately  may  constrain  drug 
formulation.  This  review  draws  heavily  from  the  work  of 
Tang  and  Gomez.''* 

Experimental  System  and  Methods 

The  simple  schematic  in  Figure  2  represents  most  of  the 
principal  components  of  an  electrospray  system.  Most  of 
the  data  discussed  here  were  collected  with  such  an  appa- 
ratus. Relevant  differences  with  the  BattellePharma  sys- 
tem are  discussed  below.  The  system  consists  of  a  stainless 
steel  capillary  tube  charged  at  a  high  electric  potential, 
between  10  and  20  kV.  and  a  ground  electrode  positioned 
3  cm  away,  perpendicular  to  the  tube.  1-or  simphcity  the 
liquid  is  gravitalioiiall\  fed  from  a  reservoir  inlo  the  lube. 
The  How,  which  is  controlled  by  changing  the  height  of 
the  reservoir  relative  to  the  tube,  is  measured  by  liininy  the 
displacement  of  a  gas  bubble  injected  into  the  liqintl  line 


through  a  calibrated  micro-syringe.  More  elaborate  pump- 
uig  and  metering  systems  are  typically  used  in  practice. 
The  current  carried  by  the  electrospray  is  monitored  by  an 
electrometer  connected  to  the  ground  electrode. 

The  spray  behavior  is  monitored  by  2  optical  diagnostic 
techniques:  phase  Doppler  anemometry  and  flash  illumi- 
nation. The  phase  Dopplei'  anemometry  system  (Dantec 
Electronics,  Porlbury,  United  Kingdom)  determines  the 
size  and  the  velocity  of  the  droplets  by  light  scattering. 
The  shadowgraph  flash  illumination  system  monitors  the 
stability  of  the  electrospray  and  highlights  details  of  the 
break-up  process.  It  consists  of  a  nanosecond  flash  lamp 
(Xenon,  Woburn,  Massachusetts)  and  a  stereo  zoom  mi- 
croscope, the  latter  coupled  to  a  closed-circuit  digital  cam- 
era (Pulnix,  Sunnyvale,  California).  The  nanosecond  Hash 
allows  us  to  freeze  the  inotion  of  the  droplets.  Alterna- 
tively a  10  ns  pulse  laser  illumination  is  used  to  photo- 
graph the  electrospray  scattering  with  a  digital  camera. 

Liquid  Break-Up,  Droplet  Dispersion, 
and  Monodlspersity 

Figure  3  shows  an  ethanol  drop  suspended  at  the  outlet 
of  a  metal  tube.  When  an  appropriately  intense  electric 
field  is  applied  to  the  tube,  by  providing  a  voltage  on  the 
order  of  kilovolts,  the  liquid  meniscus  is  drawn  into  a 
conical  shape  with  a  fine  spray  emerging  from  it  (the 
electrospray).  as  shown  in  Figure  3B,  which  is  an  instan- 
taneous picture  under  the  illumination  of  a  10  ns  pulse 
laser.  Figure  4  shows  a  close-up  view  of  the  highlighted 
rectangle  in  Figure  3B,  which  reveals  details  of  the  break-up 
of  the  liquid  ligament.  The  sequence  of  events  leading  to 
the  formation  of  a  spray  with  nearly  uniform  droplet  sizes 
is  observed  over  a  broad  range  of  operating  conditions  and 
droplet  sizes  and  is  typical  of  all  eleclrosprays  with  narrow 
droplet  size  distributions.  The  images  in  Figure  4  pertain 
to  a  heptane  electrospray  that  produces  droplets  sufficiently 
large  to  be  photographed  with  an  optical  microscope.^  First 
(Fig.  4A)  the  liquid  exits  the  cone  formed  at  the  outlet  of 
the  charged  tube  as  a  thin  ligament  that  is  stable  for  a  short 
distance.  This  ligament  then  breaks  up  into  droplets  (Figs. 
48  and  4C),  which  typically  exhibit  a  bimodal  distribution 
of  larger  primary  droplets  and  smaller  satellite  droplets. 
Farther  downstream,  the  droplets  become  nearly  monodis- 
perse  as  the  smaller  satellites,  driven  by  the  electric  field, 
migrate  rapidly  away  from  the  axis  (Fig.  4C).  The  primary 
droplets  left  behind  are  quasi-monodisperse.  They  move 
dounstream,  are  gradually  displaced  radially,  and  form  a 
v\a\y  signature  pattern  under  instantaneous  illumination 
(Fig.  4D).  They  e\entually  form  a  fan  that  coincides  with 
the  electrospray  visible  inider  appropriate  illumination.^ 

Figure  4A  shows  that,  before  break-up  occurs,  axisym- 
metric  varicose  waves  propagate  along  the  ligament  be- 
cause of  naturalK  occinrins:  disturbances.  Such  v\a\es  lead 
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Fig.  3.  Top:  Ethanol  dripping  from  a  metal  tube  at  a  low  flow  rate. 
Bottom:  Under  an  applied  voltage  (as  observed  under  pulsed  laser 
illumination)  tfie  pendulant  drop  assumes  a  conical  shape  and 
emits  a  liquid  ligament  that  disperses  into  droplets. 


to  a  change  in  the  pressure  distribution  along  the  liquid 
ligament,  which  is  associated  with  the  presence  of  surface 
tension.  As  a  result,  the  liquid  is  dri\en  away  from  the 
ligament  restrictions,  ullimalely  \ielding  the  pinching  of 
the  continuous  ligament  into  discrete  droplets.  The  ratio  of 
primary  droplet  to  ligament  diamclci'  v\  as  measured  at  about 
1.9,  in  good  agreement  with  experimental  findings  of  oth- 
ers on  similar  sprays.**-'"  This  result  alsii  confirms  exten- 
sions of  Rayleigh's  theory"  on  the  stability  of  uncharged 
capillary  jets,'""  which  showed  that  even  at  reiatisely 
large  charge  levels  the  predictions  of  the  theory  are  not 
significantly  altered.  Thus,  electrification  is  responsible 
for  extruding  the  liquid  at  the  outlet  of  the  tube  into  a 
liquid  ligament  through  electrohydrodynamic  processes  in 
the  lic|uid  cone.  The  droplet  si/e  is  controlled  indirectly  by 
determining  the  formation  and  diameter  of  the  liquid  lig- 
ament. Since  the  ligament  diameter  is  much  smaller  than 
the  tube  bore,  micron-si/e  ilroplets  can  be  generated  from 
relatively  large  orifices  w  ithout  clogging,  which  is  a  unique 
advantage  of  this  nebulization  technique,  and  e\en  lK|uid 
suspensions  can  be  nebuli/ed. 


f 


• 


a) 


b) 


c) 


dl 


Fig.  4.  Details  of  the  break-up  process  (enlargements  of  high- 
lighted rectangle  in  Fig.  3).  A:  Continuous  liquid  ligament.  B  and  C: 
Primary  and  secondary  droplets  form  downstream  of  the  break-up 
point.  D:  Wavy  signature  pattern  of  the  primary  droplets  as  they 
begin  to  disperse  under  the  action  of  Coulombic  repulsion.  (From 
Reference  7.  with  permission.) 


The  sinuous  pattern  in  the  aiTay  of  primar\  droplets  in 
Figure  4D  is  not  to  be  interpreted  as  indicative  of  a  droplet 
trajectory.  Droplets  follow  diverging  trajectories  departing 
from  a  common  origin  where  the  liquid  ligament  breaks 
up.  It  can  be  readily  shown  that  a  stream  of  closely  spaced 
droplets,  as  in  Figure  4D,  is  inherently  unstable  because  of 
the  Coulomb  repulsion  of  droplets  charged  with  the  same 
polarity.  If  one  imposes  a  small  radial  displacement  on  any 
of  these  droplets,  a  radial  component  of  the  electrostatic 
repulsive  force  in  the  outward  direction  "cascades"  onto 
all  the  neighboring  droplets.  This  effect,  coupled  with  di- 
\erging  lines  of  the  external  field  between  the  tube  and  the 
ground  electrode,  ultiinately  leads  to  spray  dispersion,  as 
hinted  by  the  wavy  signature  pattern  of  the  break-up  re- 
gion. Thus,  droplet  Coulombic  repulsion  or,  equivalently, 
space  charge  effects  play  a  crucial  role  in  this  region:  if 
only  the  external  field  were  acting  on  the  droplets,  they 
would  predominantly  persist  in  their  axial  trajectorv.  with- 
out dispersing  into  a  spray. 

Satellite  droplets  are  visible  in  Figure  4D.  Once  the 
satellite  droplets  are  displaced  radially  by  small  distur- 
bances and/or  space  charge  effects,  they  can  better  follow 
the  diverging  lines  of  field  because  of  relatively  small 
inertia  and  high  charge-to-mass  ratio.'  They  are  thus  re- 
mo\  ed  IVom  the  core  of  the  spray  by  electrostatic/inertial 
separation. 
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Fig.  5.  Typical  droplet  size  distributions  of  water.  A:  Electrospray  liquid  flow  rate  (ES  Q)  =  4.67  iJ.Um\r\:  droplet  diameter  (d)  =  2.45  fim;  ratio 
of  standard  deviation  to  diameter  (SD/d)  =  0.12.  B:  ES  Q  =  19.2  fiUmm;  d  =  6.11  /xm;  SD/d  =  0.08.  C:  ES  Q  =  39.4  fxiymin;  d  -  10.1 
fim:  SD/d      0.06.  D:  Droplet  size  distribution  of  aerosol  from  a  Fisons  metered-dose  inhaler.  (From  Reference  5,  with  permission.) 


When  e\uporutive  effects  are  substantial,  as  is  the  case 
with  relatively  volatile  liquids  nebulized  at  low  flow  rales 
and  producing  correspondingly  small  droplets  (eg.  diam- 
eter <  10  /xm).  the  distinction  between  the  core  and  the 
shroud  of  the  aerosol  is  less  clear.  Under  those  conditions, 
the  smaller  droplets  in  the  outer  periphery  of  the  spray 
evaporate  faster  than  the  droplets  near  the  spray  axis,  be- 
cause of  the  size-dependent  rate  of  diameter  change."  Thus 
the  droplet  size  distribution  may  broaden  soniew  hat.  as  the 
droplets  move  away  from  the  break-up  region.  This  is 
typically  the  case  for  inhalation  spravs. 

In  view  of  the  morphology  of  the  liquid  meniscus  in 
Figure  3.  this  inode  of  operation  is  called  coiu'-jci  inodc.^ 
Several  other  types  of  electrostatic  nebulization  are  also 
possible,  as  shown  by  Zeleny  in  the  first  systematic  inves- 
tigation on  the  subject'^  and  recently  by  Cloupeau  and 


Prunet-Foch  in  their  conipivhensive  study."'  Even  though 
electrospray  operation  in  a  practical  device  may  not  be 
always  in  cone-jet  mode,  for  ihc  purpose  of  characterizing 
electrospray  behavior  it  is  best  to  refer  to  cone-jet  mode, 
because  it  is  well  defined,  the  experimental  conditions  can 
be  easily  reproduced,  and  it  otters  optimal  control  of  drop- 
let size  and  size  distribution. 

Tvpical  size  distributions  are  measured  with  the  phase 
Doppler  system.  Figure  .^  shows  sample  distributions  of  a 
few  water  electrosprays.  The  mean  droplet  diameters  are 
l.4/^m(Fig.  .SA),  6.1  /umiFig.  5R).  and  10  ixm  (Fig.  5C). 
which  were  obtained  at  liquid  How  rates  of  .^.0  ,  19.2  .  and 
39.4  /xL/min.  respectively.  The  first  distribution  was  ob- 
tained from  a  saline  solution,  the  others  from  deionized 
water.  The  liquid  electric  conductiv  ity  and  surface  tension 
were  measured  al    1.02    10"  12  'cm  '  and  73   10  '  N/m. 
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Fig.  6.  Mean  droplet  diameter  and  number  density  versus  radial 
coordinate  at  a  fixed  axial  location  where  evaporation  effects 
are  negligible.  Q  =  liquid  flow  rate.  V  =  voltage.  Az  =  change  in 
the  distance  from  the  capillary  tube.  (From  Reference  5.  with  per- 
mission.) 


respectively,  for  deionized  water.  The  solution  of  water 
plus  0.005%  of  NaCl  by  weight  had  an  electric  conduc- 
tivity of  1.2  lO"*  n'cm"',  all  other  liquid  properties  being 
the  same  as  deionized  water.  Notice  that  the  droplets  gen- 
erated have  diameter  orders  of  magnitude  smaller  than  the 
tube  used  in  these  experiments  (inside  diameter  0.12  mm. 
outside  diameter  0.45  mm).  The  relati\e  standard  devia- 
tion (ie,  the  ratio  of  the  standard  deviation  to  the  mean 
diameter)  is  0.14  for  the  smallest  mean  size.  0.08  for  the 
intermediate  one.  and  0.06  for  the  largest  size.  The  nar- 
rowness of  these  distributions  can  be  contrasted  with  the 
breadthof  the  distribution  of  inexpensive  commercial  nebu- 
lizers routinely  used  for  drug  inhalation.  Figure  5D  shows 
one  such  distribution,  obtained  from  a  metered-dose  in- 
haler. The  mean  diameter  is  about  the  same  as  that  of  the 
distribution  in  Figure  5B.  but  the  relative  standard  devia- 
tion is  now  1.12! 

To  determine  whether  there  are  significant  variations  in 
droplet  size  across  the  spray  and  if  the  distributions  are 
uniformly  narrow,  measurements  are  performed  at  various 
locations  in  the  spray.  Figure  6  shows  the  results  of  a 
typical  radial  scan  at  a  fixed  position  downstream  of  the 
capillary  tip.  The  abscissa  is  the  radial  distance  from  the 
spray  axis,  the  left  ordinate  is  the  mean  droplet  size,  and 
the  right  ordinate  is  the  number  density.  All  the  size  dis- 
tributions are  as  narrow  as  in  Figure  5A-C.  In  the  spray 
core,  characterized  by  the  largest  concentration  of  drop- 


*  Since  some  droplet  si/e  distributions  from  commercial  devices  ap- 
proach a  log-normal  dislrihution.  the  often-quoted  value  of  interest  of 
their  dispersion  is  the  geometric  standard  de\iation  (GSDi.  For  compar- 
ison, a  relative  standard  de\iation  (RSDl  of  0.10  for  a  normal  distribution 
is  appro\imatel\  equivalent  to  a  GSD  of  1.1  of  a  log-normal  distribution. 


lets,  the  inean  diameter  is  approximately  constant.  A  marked 
decrease  in  the  average  droplet  diameter  is  observed  only 
at  outer  radial  locations,  where  the  droplet  number  density 
begins  to  fall  off.  By  ruling  out  a  possible  role  of  droplet 
evaporation  at  that  location  (in  view  of  the  short  residence 
time),  this  behavior  is  attributable  to  the  electrostatic/inertia 
separation  phenomenon  that  confines  the  smaller  droplets 
to  the  outer  periphery  of  the  spray. ^  Figure  6  show  s  that 
the  bulk  of  the  flow  is  dispersed  into  droplets  of  rather 
uniform  size.  Consequently,  measurements  on  the  center- 
line,  sufficiently  close  to  the  capillary  tube  to  minimize 
any  evaporation  effect,  should  be  representative  of  vv hat  is 
generated  at  the  spray  source. 

Figure  7  shows  some  representative  distributions  ob- 
tained with  the  BattellePharma  inhalers.  They  do  not  ap- 
pear as  monodisperse  as  the  data  in  Figure  5.  This  may  be 
the  result  of  operation  outside  of  the  cone-jet  mode  or  of 
the  lack  of  uniformity  among  multiple  sprays  in  parallel 
(see  below).  Nevertheless,  the  distributions  appear  suffi- 
ciently narrow  for  the  goal  of  targeted  inhalation  and  are 
significantly  better  than  alternative  nebulization  techniques. 

Required  Liquid  Pliysical  Properties 
and  Scaling  Laws 

Correct  electrospray  behavior,  yielding  good  control  of 
size  distribution,  up  to  virtual  monodispersity,  depends  on 
many  variables  and  experimental  features,  such  as  the  geo- 
metric anangement  of  the  electrodes,  the  wettability  of  the 
electrospray  source,  the  surrounding  gas  and  its  pressure, 
and  the  evaporation  rate  of  the  solution.  Thoroughly  de- 
.scribing  its  behavior  in  terms  of  all  of  those  variables  is  an 
unrealistic  task,  possibly  requiring  an  understanding  of  the 
system  electrohydrodynamics  that  is  lacking  at  present.  On 
the  other  hand,  if  all  the  abov  e  v  ariables  are  kept  fixed,  the 
system  behavior  can  be  characterized  in  terms  of  a  few 
critical  liquid  physical  properties,  once  the  appropriate  elec- 
tric field  is  established  to  obtain  the  cone-jet  mode.  Those 
properties  are:  the  electric  conductivity  (k),  the  dielectric 
constant  (e),  the  viscosity  (/x),  and  the  surface  tension  (y). 
Also  critical  because  of  its  effect  on  droplet  size  is  one  key 
operating  variable:  the  liquid  flow.  In  the  following  dis- 
cussion, some  general  scaling  laws  will  be  presented  to 
help  the  user  "design"  the  appropriate  solution  to  obtain 
the  optimal  aerosol  particle  size  for  deposition  in  the  re- 
spiratory tract.  These  scaling  laws  have  been  verified  for 
polar  fluids,  such  as  water  and  alcohols,  w  hich  are  typical 
excipients.  These  relationships  were  derived  from  dimen- 
sional analysis'^"*  and  refined  by  Chen  and  Pui.'"  The 
relationships  were  experimentally  tested  for  a  varietv  of 
liquids,  including  water,  alcohol,  benzyl  alcohol,  ethylene 
glycol,  and  water/alcohol  mixtures,  spanning  a  broad  range 
of  physical  properties,  as  follows:  y  =  21-80  dyn/cm,  k  = 
8-700  t^iU    7cm.  e  =   I2-S().  ju  =  0.89-IS  cP. 


1424 


Respirators  Cark  •  December  2002  Vol  47  No  12 


The  Electrospray  and  Its  Appi  ication  to  Targf.ti-.d  Drug  Inhai  ation 


TAA 

RF=100%     A 
GSD=1,2 


1%  dose  in 
PEG:EtOH 
(solution) 


0.1  1 0  lO.O 

Partcte  Diameter  (pm.) 


Albuterol 

RF=95% 
GSD=1.5 


10%ofMDIIabeled- 
dose  achieved  same 
FEVi  in  clinical  trial 
w/EHD 


1  0  10.0 

Particle  Diameter  (Jim.) 


Cromolyn 

RF=100%  a 
GSD=1.2  t'\ 


Perfluorocarbon 
emulsion 


0-1  To  10.0 

Ps-tcieOiafTslerOJfr ) 

Fig.  7.  Sample  distributions  of  3  drugs  electrosprayed  by  the  Bat- 
tellePharma  nebulizers.  A:  Triamcinolone  acetonide  (1  %  dose  in  a 
polyethylene  glycol  and  ethanol  solution).  Respirable  fraction  (RF)  = 
100%.  Geometnc  standard  deviation  (GSD)  =  1.2.  B:  Albuterol.  In 
a  clinical  trial,  10%  of  a  metered-dose  inhaler  label  dose  delivered 
via  electrospray  achieved  the  same  forced  expiratory  volume  in 
the  first  second.  RF  =  95%.  GSD  =  1.5.  C:  Cromolyn  (perfluoro- 
carbon emulsion).  RF  =  100%.  GSD  =  1.2.  (Data  from  Donna 
Palmer  and  William  Zimlich.  BattellePharma,  personal  communi- 
cation, 2002.) 


From  a  targeted  inhalation  perspective,  critical  is  the 
following  relationship: 


'/i 


D=f(E)(QEeJk]^^  =f(e)(QT,)^' 


(2) 


vshicii  shows  a  dependence  of  diameter  (/))  on  hi|uicl  How 
(Q).  dielectric  constant,  and  liquid  electric  coniliiclis  ily. 
The  latter  2  properties  appear  in  the  expression  of  (he 
charge  relaxation  time  (t^.)  denoting  the  characteristic  time 
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Fig.  8.  Electrospray  droplet  diameter  (d)  versus  liquid  flovi/  rate  (Q) 
for  deionized  water  at  constant  applied  voltage.  (From  Reference 
5,  w/ith  permission.) 


with  which  charge  in  the  lic|uitl  interior  relaxes  to  the 
surface.  There  appears  to  be  no  consensus  on  the  func- 
tional form  of  /(ej  appearing  in  Equation  1.'"  This  rela- 
tionship is  not  considered  in  dclail.  since  it  is  not  critical 
to  the  intended  purpose  of  this  review.  It  is  apparent  from 
Equation  2  that,  for  a  given  electrosprayable  solution,  drop- 
let size  can  be  selected  by  varying  the  liquid  flow  issued 
from  a  single  capillary.  As  an  example.  Figure  8  shows  the 
dependence  of  the  droplet  size  on  liquid  flow  for  a  fixed 
electrode  configuration  for  deionized  water."^  For  flow  rates 
ranging  from  5.8  to  42.4  /xL/min  the  droplet  diameter 
varies  from  5  ju,m  to  about  12  /im.  Stability  problems  of 
the  spray  at  flow  lower  than  .5.8  /a,L/min  prevented  the 
generation  of  smaller  droplets. 

Since  saline  solution  is  a  commonly  used  liquid  excip- 
ient  in  drug  administration,  electrosprays  of  water  with 
various  concentrations  of  NaCI  were  also  investigated  ex- 
perimentally. Experiments  showed  that  a  stable  spray  could 
be  established  in  the  droplet  size  range  rele\ant  to  targeted 
inhalation  when  the  NaCl  concentration  was  <  0.005'7f  by 
weight.  Figure  9  shows  results  for  the  aqueous  saline  so- 
lution of  0.005%  NaCl  by  weight,  for  \arious  voltages  and 
flow  rates."  The  maximum  flow  in  the  conc-jel  mode  was 
about  10  /LiL/min.  and  the  corresponding  droplet  diameter 
was  2  /xm.  Lower  concentrations  of  NaCl  can  be  used  to 
bridge  the  diameter  gap  helwcen  2  /xm  and  the  smallest 
diameter  obtained  for  deionized  water.  5  /xm.  Compared 
with  pure  water  spray,  the  spray  of  saline  solution,  with  a 
measured  electric  conductivity  of  the  solution  2  orders  of 
magnitude  larger  than  dcioni/ed  water,  yielded  smaller 
droplets  at  constant  liquid  flow,  which  conlirnied  the  qual- 
itative ohser\'alions  of  Smith. -"  Thus,  for  aqueous  solu- 
tions, control  of  salinity,  and  therefore  conductivity,  may 
offer  another  degree  of  control  over  droplet  size. 
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Fig.  9.  Electrospray  droplet  diameter  (d)  versus  applied  voltage  (V) 
at  3  liquid  flow  rates  for  a  solution  of  vi^ater  and  0.005%  NaCI. 
(From  Reference  6,  with  permission.) 


The  data  in  Figure  9  indicate  that  at  a  given  flow  and  for 
a  specific  electrode  configuration  the  electrospray  can  be 
operated  only  within  a  finite  range  of  voltages.  Below  the 
lower  voltage  limit  the  electrospray  pulsates  with  a  dis- 
continuous emission  of  mass  from  the  liquid  meniscus. 
Above  the  higher  voltage  limit  other  instabilities  arise  that 
result  in  either  wild  whipping  of  the  jet  or  in  the  formation 
of  several  uncontrolled  jets.  In  both  cases  the  droplet  size 
distribution  broadens  drastically.  Between  those  2  limits 
there  is  a  reasonably  wide  range  of  voltages  within  which 
a  stable,  monodisperse  spray  can  be  established  in  the 
cone-jet  mode.  By  searching  for  the  voltage  limits  at  dif- 
ferent flow  rates,  one  can  construct  a  stability  domain  for 
proper  operation.  Figure  10  shows  such  a  domain  for  the 


20  30 
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Fig.  10.  Electrospray  cone-jet  mode  stability  domain  for  deionized 
water:  voltage  (V)  versus  liquid  flow  rate  (Q)  for  a  fixed  electrode 
configuration.  (From  Reference  5,  witfi  permission.) 


dcioni/.ed  water  data  ot  Figure  8.'' 

Notice  that  the  value  of  the  applied  voltage  is  not  par- 
ticularly relevant.  Hie  establishment  of  the  cone-jet  mode 
depends  on  the  intensity  of  the  electric  field  affecting  the 
stress  applied  to  the  fluid  to  overcome  the  surface  tension 
and  extrude  the  liquid  ligament.  Different  electrode  con- 
figurations require  different  voltages  for  the  establishment 
of  a  given  field.  As  a  result  the  curves  in  Figure  10  can 
shift  either  up  or  down  substantially.  Typically,  the  oper- 
ational range  of  the  electrospray  covers  several  hundred 
volts  and  falls  in  the  range  of  1-15  kV,  depending  on 
electrode  geometry,  surface  smoothness,  and  material  elec- 
tric properties. 

In  Figure  10  notice  that  in  principle  there  are  2  more 
bounds  to  the  operating  envelope  of  the  electrospray:  an 
upper  liquid  flow  limit  and  a  lower  one.  Most  of  the 
emphasis  in  the  scaling  studies'^  '''  has  been  on  the  pro- 
duction of  very  small  droplets.  Not  much  was  reported  on 
the  upper  flow  limit,  except  for  the  report  by  Chen  and 
Pui,'"*  in  which  it  was  observed  that  k  X  Q„y^^  is  approx- 
imately constant,  a  result  that  can  be  explained  in  terms  of 
competing  characteristic  lengths.  Increasing  the  liquid  con- 
ductivity thus  decreases  the  typical  flow  rates  that  can  be 
stably  sprayed,'*  which  also  results  in  smaller  droplets,  as 
the  data  in  Figure  9  suggest. 

A  few  relationships  have  also  been  offered  tor  the  min- 
imum liquid  flow,  but  they  seem  to  be  in  modest  agree- 
ment with  experimental  findings,  at  least  for  a  broad  range 
of  dielectric  constants.'"  At  least  for  an  order-of-magni- 
tude  estimate  one  can  use 


Q„ 


(eeo7)/(ppK-) 


(3) 


with  the  same  notation  of  Equation  2  and  with  p^,  denoting 
the  liquid  density,  as  suggested  by  de  la  Mora  and  Los- 
certales.'^ 

Liquid  \iscosity  inter\enes  by  affecting  the  relationship 
t)f  droplet  si/e  and  liquid  jet  diameter,  through  the  domi- 
nant instabilit\  mode  thai  leads  to  break-up.  Howexer, 
with  typical  liquids  of  relevance  to  inhalation  therapy, 
such  as  water  and  light  alcohols,  the  role  t)f  viscosity  is 
negligible.'^ 

The  liquid  surface  tension  does  not  appear  in  the  scaling 
laws  abo\e  and  does  not  affect  the  si/e  of  the  generated 
droplets.  However,  it  may  affect  the  sprayability  of  solu- 
tions with  high  surface  tension.  In  fact,  for  a  fixed  elec- 
trode configuration  and  liquid  flow,  the  voltage  necessary 


*  It  .should  be  alM)  poinled  out  that  the  largest  flow  pre.senled  in  Figure 
1 1  does  not  represent  an  upper  limit  for  stable  spray  operation.  Eleetro- 
sprays  beyond  that  range  were  not  examined  because  they  would  gener- 
ate droplets  too  large  lor  inhalation  applications.  Ncserthcless.  at  least  lor 
more  conductise  lluids.  one  may  be  constrained  by  such  .i  limit. 
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Fig.  1 1 .  Average  droplet  volume  charge  density  (CA/)  versus  av- 
erage droplet  diameter  (d)  for  various  flow  rates  of  deionized  wa- 
ter. The  solid  line  is  the  Rayleigh  limit.  The  dashed  line  correlating 
the  data  points  has  a  diameter  dependence  as  d  \  (From  Refer- 
ence 5.  with  permission.) 

to  operate  a  stable  spray  scales  with  the  square  root  of  the 
surface  tension.-"  If  the  surface  tension  is  sufficiently  large, 
as  in  the  case  of  water,  the  necessary  voltage  may  be 
higher  than  the  electric  breakdown  threshold  of  the  sur- 
rounding gas  medium  (usually  airl.  and  corona  discharge 
would  ensue.  This  phenomenon  typically  destabilizes  the 
electrospray  behavior  and  results  in  fairly  broad  size  dis- 
tributions unsuitable  for  targeted  drug  delivery.-'--''"  A 
natural  way  to  tackle  this  problem  is  to  use  a  sheath  gas 
that  has  a  relatively  high  electric  breakdown  threshold,  to 
prevent  or  delay  the  onset  of  corona  discharge.  A  similar 
approach  proved  effective,  for  example,  in  electrospray 
ionization.-^  The  water  data  in  Figures  5.  6.  and  8-11  were 
obtained  using  carbon  dioxide  as  sheath  gas.  At  the  typical 
flow  of  inhalation  studies,  on  the  order  of  10  L/min.  a 
molar  carbon  dio.xide  concentration  of  <  0.59^  is  suffi- 
cient for  the  establishment  of  a  water  electrospray.  Such  a 
carbon  dioxide  level  is  sufficiently  low  to  cause  no  prob- 
lems, even  in  the  treatment  of  asthmatic  patients.  Alterna- 
tiv  ely.  if  the  addition  of  a  sheath  gas  is  too  cumbersome, 
especially  for  portable  inhalation  devices,  the  water  sur- 
face tension  can  be  reduced  by  adding  suitable  surfactants, 
which  is  the  approach  pursued  by  BattellePharma. 

Electric  Charge:  Consequences  and 
the  Need  to  Neutralize  the  Droplets 

The  dispersion  of  a  liquid  by  electrostatic  nieans  offers, 
in  addition  to  size  control,  another  distinct  advantage  over 


other  nebuli/alion  techniques.  Because  of  the  presence  of 
net  charge  on  the  siuface  of  the  generated  droplets,  ilic 
Coulombic  repulsion  among  droplets  prevents  droplet  ag- 
glomeration and  aids  spray  penetration  in  the  host  gas  by 
causing  droplet  self-dispersion,  h'or  a  droplet  undergoing 
evaporation,  the  evaporation  resulls  solely  in  mass  loss, 
while  the  charge  remains  attached  to  the  droplet.-''  so  the 
charge  density  (charge  per  unit  surface  area)  increases 
until  a  critical  condition  at  which  the  droplet  becomes 
unstable  and  emits  "offspring."  This  phenomenon  occurs 
near  the  so-called  Rayleigh  limit,  when  the  repulsive  force 
of  electrical  charges  of  the  same  polarity  overcomes  the 
surface  tension  cohesive  force  holding  the  droplet  together. 
Under  evaporative  conditions,  which  may  be  encountered 
in  drug  inhalation,  droplet  fission  may  be  inevitable  unless 
efforts  are  made  to  discharge  the  droplet.  It  is  then  relevant 
to  examine  the  level  of  charging  that  the  electrospray  can 
produce  and  compare  it  to  that  theoietical  limit. 

To  this  end.  the  average  charge  level  has  been  deter- 
mined experimentally  by  measuring  the  total  current  col- 
lected by  the  ground  electrode.  Since  an  electrospray  op- 
erating in  cone-Jet  mode  generates  a  very  narrow  size 
distribution,  the  volume  charge  density  of  the  electrospray 
can  be  well  represented  by  a  mean  value  calculated  from 
the  ratio  between  the  total  electric  current  and  the  total 
liquid  flow.  In  Figure  1 1  such  an  average  droplet  charge 
density  for  deionized  water  sprays  is  plotted  as  a  function 
of  the  average  droplet  diameter,  the  latter  measured  close 
to  the  spray  origin  to  minimize  possible  evaporation  ef- 
fects.*^ The  solid  line  in  the  figure  is  the  calculated  Ray- 
leigh limit,  which  is  the  stability  limit  for  the  charged 
droplet,  given  by: 


q-  =  8  7r"eii7D' 


(4) 


*  Under  special  circumstances  a  weak  corona  has  been  rcporied  to  have 
a  stabilizing  effect  on  the  spray''  and  may  enhance  the  ne,\ibility  of  the 
electrospray  system  to  generate  droplets  of  a  given  size.-'' 


in  which  q  is  droplet  charge  at  the  Rayleigh  limit,-''  e„  is 
the  permittivity  of  the  medium  stnrounding  the  droplet,  y 
is  the  liquid  surface  tension,  and  I)  is  the  droplet  diameter. 
Figure  1 1  shows  the  charge  density  to  be  a  decreasing 
function  of  droplet  size.  The  large  droplets  with  lower 
charge  density  are  closer  to  the  Rayleigh  limit  and  thus  are 
more  likely  to  become  unstable.  As  also  found  in  other 
studies.'^-'*  the  droplet  charge  density  is  not  a  constant 
fraction  of  the  Rayleigh  limit,  in  contrast  with  the  predic- 
tions of  models  that  have  from  time  to  time  surfaced  in  the 
literature.-'*'"  Figure  1 1  also  shows  that  for  all  the  liquid 
Hows  tested,  from  5.8  up  to  42.4  /nL/min.  the  data  are 
well-correlated  by  a  least  squares  fit  curve,  according  to 
which  the  volume  charge  density  varies  with  the  in\ erse  of 
the  droplet  diameter.  This  dependence  suggests  thai  these 
electrosprays  are  established  at  approximately  constant  sur- 
face charge  density,  and  since  the  latter  is  proportional  to 
the  electric  field,  regardless  of  the  particular  geometry,  at 
constant  electric  field. 
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Fig.  12.  Examples  of  Coulombic  fission  of  droplets  near  the  Rayleigh  limit.  (From  Reference  28,  with  permission.) 


Figure  1 2  shows  examples  of  droplet  fission,  resulting 
in  the  formation  of  cones  that  emit  droplet  offspring. ^^ 
(Notice  that  photographing  the  droplet  fission  event  with 
an  optical  microscope  and  obtaining  some  spatial  resolu- 
tion required  relatively  large  droplets  of  liquid  hydrocar- 
bons.) Typically  the  droplet  fission  phenomenon  is  en- 
countered at  charge  levels  on  the  order  of  80%  of  the 
Rayleigh  limit.  Clearly  this  phenomenon  would  affect  drop- 
let size  distribution  and  the  targetable  area  for  lung  dep- 
osition. 

Because  the  respiratory  tract  is  virtually  grounded, 
charged  droplets  would  deposit  predominantly  in  the  up- 
per respiratory  tract  under  the  action  of  image  forces, - 
even  if  the  droplets"  inertial  behavior  would  otherwise 
enable  deep  lung  penetration.  Discharging  the  droplets  is 
therefore  necessary  to  prevent  oropharyngeal  deposition, 
and  an  electrospray  aerosol  delivery  system  must  include 
a  controlled  means  to  discharge  the  droplets.  Figure  13 
shows  the  simplest  discharge  system.^  Discharging  is  per- 
formed after  the  droplets  have  dispersed,  to  prevent  drop- 
let coalescence  near  the  liquid  meniscus,  where  the  droplet 
concentration  is  highest.  The  spray  is  generated  between 
the  capillary  tube  and  a  metal  porous  disk.  The  tube  is 
shielded  by  a  carbon  dioxide  shealh  flow  for  the  reasons 
discussed  above.  Both  the  tube  and  the  porous  metal  disk 
are  maintained  at  independently  controlled  potentials.  A 
2  mm  hole  at  the  center  of  the  porous  disk  allows  the 
charged  droplets  to  pass  through  the  disk.  The  inertia  of 
the  droplets  traveling  at  high  velocity  near  the  electrospray 
source  overcomes  electrostatic  attraction  between  the  drop- 
lets and  the  disk  anil  presents  ihcir  interception  by  the 
disk.  Farther  downstream  of  ihe  porous  metal  disk  a  ground 
discharge  needle  is  placed  in  llio  axis  of  the  delivery  sys- 
tem, at  a  distance  of  approximately  40  mm  from  the  po- 
rous disk.  The  intensity  of  the  discharge  can  be  controlled 
by  changing  the  poienlial  tliffereiice  between  the  porous 


Gravitational  Feeding 


I 1 

Bubble  Injector 


r^^ 


Discharge  Needle 


Electrometer 


Fig.  13.  Prototype  of  electrospray  monodisperse  aerosol  delivery 
system,  including  droplet  discharging  system,  V  -    voltage. 


disk  and  the  discharge  needle,  while  the  potential  differ- 
ence between  the  tube  and  the  porous  disk  is  kept  constant 
to  preserve  the  spray  stability.  The  discharged  spray  is 
finally  deli\eied  into  a  tube  by  a  coaxial  air  How, 

This  droplet  charge  neutralization  scheme  is  similar  to 
that  implemented  originally  by  Noakes  et  al"  and  recently 
used  by  Meesters  et  al.-'  In  preliminary  experiments  a 
metal  plate  was  positioned  under  the  discharge  needle  and 
insulated  from  it.  The  plate  was  connected  to  an  electrom- 
eter. By  varying  the  voltages  between  the  porous  disk  and 
the  discharge  needle,  the  effectiveness  of  the  corona  in 
discharging  the  spray  was  nioniioied  by  measuring  the 
current  on  the  plate  wilh  and  uithoul  llic  elecliiispray.  The 
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difference  between  those  2  cuirent  signals  represents  the  net 
ciinent  eanied  by  the  eleclrospray  in  the  presence  of  llie 
discharge.  Experiments  showed  that  by  adjusting  the  applied 
voltage  between  the  porous  disk  and  the  needle,  the  discharge 
current  can  be  controllcil  and  therefore  the  electrospray  can 
be  disch;irged  either  partially  or  completely.  The  spray  was 
obser\ed  under  white  light  illumination,  hi  the  case  of  com- 
plete iieutrali/ation  of  the  droplet  charge,  the  droplets,  instead 
of  following  well-defined  trajectories  partially  detennined  by 
the  external  electric  field,  became  tracers  of  the  gas  co-tlow 
and  follov\ed  convoluted  trajectories  because  of  the  turbu- 
lence of  the  host  co-tlow.  It  should  be  mentioned  that  for  the 
typical  current  levels  of  these  water  sprays,  on  the  order  of  < 
100  nanoamperes.  the  corona  cunent  generated  for  neutral- 
ization should  yield  ozone  concentration  small  enough  to 
pose  no  health  hazards. '- 

The  Need  for  Multiplexing 

The  goal  of  delivering  a  certain  liquid  tlow  in  droplets 
of  the  optimal  deposition  size  may  not  be  achieved  with 
independent  control  of  these  2  variables,  because  they  are 
related  to  each  other  through  some  liquid  physical  prop- 
erties, as  shown  in  Equation  2.  The  implication  of  Equa- 
tion 2  is  that  if  drug  deposition  requires  a  particular  droplet 
size  (D)  and  if  the  liquid  solution  in  which  the  drug  is 
dissolved  or  suspended  is  fixed  (ie,  for  fixed  e  and  k),  the 
flow  required  by  the  therapeutic  objective  and  the  patient's 
tolerance  for  the  duration  of  aerosol  inhalation  may  not  be 
achievable  from  a  single  electrospray  cone-jet  source,  so 
imihiplcxinfi  is  required.  Indeed,  the  data  in  Figure  9  sug- 
gest that  the  aerosol  production  from  a  single  cone-jet 
source  is  inadequate  for  inhalation  therapy.  Multiplexing 
is  necessaiy  in  most  cases,  even  accounting  for  the  antic- 
ipated improvement  in  respirable  dose  efficiency  and  the 
resulting  lower  aerosol  flow  rate  needed  for  a  given  ther- 
apy. Multiplexing  entails  replacing  the  single  electrospray 
capillary  tube  \v  ith  a  matrix  t)f  closely  spaced  tubes,  each 
with  its  own  cone-jet  mode  spray. 

Multiplexing  has  become  easier  to  achieve,  even  at  large 
scales,  with  recent  progress  in  the  field  of  microelectro- 
mechanical  systems.  Namely,  by  adapting  the  integrated 
circuit  lithographic  technology  of  the  electronic  industry 
to  chemical  and  mechanical  engineering  applications,  mul- 
tiplexing can  be  achieved  at  unparalleled  scales  and  with 
submicron  precision.  Figure  14  shows  an  example  of  the 
protrusions  that  can  act  as  individual  electrospray  nozzles 
operated  in  parallel.  The  figure  shows  3  views  of  a  mul- 
tiplexed electrospray  distributor  realized  in  silicon  by  deep 
reactive  ion  etching.  Although  the  technique  at  this  pro- 
totype stage  is  very  expensive,  it  lends  itself  to  mass  pro- 
duction economies  of  scale,  which  has  been  a  key  factor  in 
the  extraordinary  growth  of  the  electronics  industry  in  the 
last  few  decades. 


Fig.  14.  Multiplexed  electrospray  distributor  manufactured  with  a 
deep  reactive  ion  etching  microfabrication  technique.  (Courtesy  of 
Xiaohui  Li,  James  Klemic,  and  Mark  Reed.  Yale  University,  per- 
sonal communication,  2002.) 
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The  BattellePharma  Klectrospray  Nebulirers 

Electrospray  entails  providing  a  regulated  \oltage  supply 
and  some  suitable  means  to  pump  the  liquid  at  a  controlled 
flow  rate.  In  view  of  the  small  electric  currents  involved,  an 
electrospray  can  be  battery-operated,  as  is  the  case  with  the 
portable  BattellePhanna  inhaler  in  Figure  1 .  The  small  cur- 
rent also  means  the  device  poses  no  health  hazard,  despite  the 
high  Miltage.  even  if  improperly  used.  Developments  at  Bat- 
tellePharma aimed  at  miniaturizing  the  power  supply  and  the 
piezoelectric  pumping  system  have  been  very  successful,  as 
the  scale  of  the  device  in  Figure  1  suggests. 

No  thermal  degradation  of  the  aerosolized  substance  is 
anticipated,  and  the  experience  of  the  mass-spectrometry 
community  with  electrospray  ionization  has  shown  that 
the  technique  is  sufficiently  "soft"  to  cause  no  fragmen- 
tation, even  of  labile  proteins  and  peptides.  This  is  one  of 
the  reasons  the  electrospray  is  becoming  the  preferred 
choice  to  inject  large,  ionized  macromolecules  into  a  mass 
spectrometer  for  chemical  analysis.^'  In  the  case  of  insu- 
lin, which  is  being  considered  for  inhalation  treatment  of 
diabetes,  no  loss  of  biological  activity  was  found  in  vitro 
for  nanopowder  produced  by  electrospray  drying. '■• 

A  potential  limitation  to  the  biomedical  use  of  electro- 
spray is  the  constraint  on  the  conductivity  of  the  solution 
to  be  electrosprayed,  as  indicated  by  the  experiments  with 
NaClAvater  solutions.  Some  solutions  in  which  pharma- 
ceutical substances  are  typically  dissolved  and  stabilized 
may  prove  too  conductive  for  direct  electrospraying  in  the 
target  droplet  size  range.  In  that  case,  however,  a  variation 
of  the  sheath  technique  can  be  tried,  with  a  sheath  flow  of 
a  liquid  with  physical  properties  appropriate  for  good  elec- 
trospray performance,  as  has  been  done  in  electrospray 
ionization  for  high  ionic  strength  buffers."*^ 

Swift  emphasizes  the  need  for  a  "low-volume,  once- 
through  aerosol  generation,"  in  which  small  volumes  can 
be  charged  to  the  device  and  be  completely  aerosolized 
over  a  specified  time  interval.'  Applications  in  which  ex- 
pensive substances  are  used  for  either  diagnostic  or  re- 
search purposes  (eg,  gene  transfer  therapy)  will  require 
more  efficient  systems  in  which  very  small  amounts  can 
be  aerosolized  with  minimal  losses.  The  electrospray  is  an 
ideal  device  for  this  purpose,  since  it  can  continuously 
aerosolize  very  small  charges  of  liquid.'^ 

The  droplet  size  can  be  selected  to  promote  deposition  in 
either  central  or  deep  lungs,  as  required  by  the  therapeutic 
goal.  Since  electrospray  capillary  tubes  have  large  inner  di- 
ameters. e\en  suspensions  can  be  successfully  .spraved. 

Although  the  physical  principles  discussed  so  f;ir  hold  tme 
also  for  the  BattellePharma  inhalers,  the  adaptation  of  the 
electrospray  to  the  BatiellcPhanna  devices  is  quite  differeni 
from  the  schematics  shown  in  Figures  2  and  13."  BattelleP- 
harma inhalers  have  1 7  multiplexed  electrosprays  at  negative 
potential  and  the  corona  at  positive  poicniial.  The  fabrication 


technique  involves  injection  molding,  by  which  the  electro- 
spray source  is  molded  in  a  nonconducting  material  and  the 
charge  is  injected  into  the  drug  solution  by  a  metal  electrode 
in  the  solution  reservoir.  Tlie  discharging  surfaces  are  man- 
ufactured from  stamped  sheet  metal.  As  a  result  of  these 
simplifications  it  appears  that  fabrication  of  an  electrospray- 
based  nebulizer  can  be  economically  competitive  w ith  other 
types  of  nebulizers.  The  maximum  flow  rale  of  the  Battel- 
lePhiirma  device  is  in  the  range  of  8-16  /.xLA.  which  is  suit- 
able for  practical  inhalation  therapy.  The  device  is  user- 
friendly,  can  be  breath-activ  ated,  and  includes  a  dose  counter. 
BattellePharma  experience  has  focused  primarily  on  ethanol- 
based  formulations,  because  they  are  easy  to  electrospray. 
But.  as  discussed  above,  aqueous  solutions  w  ith  either  a  car- 
bon dioxide  sheath  gas  or  a  surfactant  can  be  successfully 
nebulized  with  this  technique.  A  Pha.se  I  clinical  trial  with 
human  volunteers  and  in  vitro  studies  showed  dramatically 
better  respirable  dose  efficiency  ( by  a  factor  of  at  least  2  or  3 ) 
than  commercial  metered-dose  inhalers  or  dry  powder  inhal- 
ers (up  to  787f).-"' 
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Discussion 


Maclntyre:  Htiw  do  you  put  the 
charge  on  the  drug'.'  What  do  you  do 
to  it  so  that  it  can  pass  through  this 
system  and  nebuii/e? 

Gomez:  I  don'i  think  you  actually 
charge  the  tlrufi:  you  charge  the  liquid 
carrier  in  which  the  drug  is  dissolved 
or  suspended,  in  the  cone  on  the  cap- 
illary tube  from  which  the  spray  is- 
sues. At  the  source  of  the  electro- 
spraying you  have  separation  of  the 
ions  in  the  solution.  So.  for  example, 
if  you  apply  a  positi\e  potential,  you 


wind  up  with  negative  ions  being  neu- 
tralized at  the  high  voltage  electrode, 
and  you  wind  up  with  overall  charged 
liquid  of  the  same  polarity.  The  liquid 
is  dispersed  in  charged  droplets,  which 
are  neutralized  by  the  corona  discharge 
before  the  solvent  evaporates.  So  it  is 
unlikely  that  there  is  any  charge  left 
on  the  drug  itself,  except  for  what  may 
be  naturally  present  when  the  drug  is 
put  in  solution. 

Maclntyre:  So  the  drug  starts  with 
no  charge. 

Gomez:     Right.  No  additional  charge 

from  (he  electrospray  process. 


Maclntyre:  Right  out  of  the  bottle. 
And  it"s  charged  inside  the  capillary 
tube  and  then  gets  sprayed. 

Gomez:  Right.  But  it's  not  the  drug. 
it's  the  carrier  that's  charged. 

Maclntyre:  I'm  trying  to  picture  if 
the  Food  and  Drug  Administration  or 
somebody  is  going  to  have  a  problem 
with  this.  Are  these  drugs  safe  to  put 
these  charges  on  and  to  discharge?  You 
seem  to  imply  that  it's  OK. 

Gomez:  1  have  absiilutely  no  diiubl. 
because  what  we  care  about  is  dena- 
turation  or  fragmentation  of  the  drug, 
and  there  is  robust  evidence  from  mass 
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spectrometry  that  eleLtrospiay  is  a  sut- 
ficiently  soft  ionization  tccliniquL'  thai 
it  does  not  damage  the  drug. 

Smaltlune:  I  ihiiik  iihrasonic  nebu- 
lizers produce  charged  particles  too, 
but  by  the  time  they  get  out  of  the 
device  they've  become  neutral.  So  you 
could  argue  that  the  predicate  devices 
also  produce  charged  particles;  that's 
one  way  of  addressing  Food  and  Drug 
Administration  concerns.  Can  you 
give  us  some  idea  of  the  mass  of  de- 
livery? One  of  the  advantages  of  nebu- 
lizers is  that  they  can  deliver  milli- 
grams of  drug.  How  much  drug  can 
an  electrospray  deliver? 

Gomez:  1  think  the  largest  flow  rate 
that  BattellePharma  has  is  on  the  or- 
der of  1  mL/min.  But  it's  slightly 
larger.  Alex,  do  you  vvanl  to  conmient 


Stenzler:*  BattellePharma  has 
pumped  it  up  to  .^0  ju,L/s. 

Gomez:     Which  is  about  1 .8  mL/min. 

Smaldone:  That's  comparable  to  a 
nebulizer. 

Gomez:  Yes.  Because  of  the  con- 
straints that  I  indicated,  the  way  they 
do  it  is  with  a  multiplexed  system  of 
several  capillary  tubes. 

Dolovich:  You  said  that  you're  get- 
ting rid  of  the  smaller,  satellite  drop- 
lets. I  wonder  what  size  those  satellite 
droplets  are  and  whether  they  might 
be  clinically  useful? 

Gomez:  Actually,  you  don'i  always 
get  satellite  droplets,  because  it  all  de- 
pends on  the  volatility  of  the  liquid 
being  nebulized.  In  some  cases  you 


*  Alex  Stenzler  RPIT,  VIASY.S   Healthcare. 
Ycirha  LinJa,  C'alilornia. 


don't  see  such  a  distinct  difference  be- 
tween the  primary  or  core  droplets  and 
the  satellites.  It  turns  out  that  the  sat- 
ellites account  for  only  5-6%  of  the 
total.  You  don't  necessarily  get  rid  of 
them.  But  because  they  are  smaller,  as 
small  as  a  third  of  the  primary  droplet 
size,  they  evaporate  relatively  fast,  so 
ultimately  a  small  percentage  of  the 
stuff  may  go  into  very  tiny  droplets 
that  eventually  have  fully  evaporated. 
They  don't  substantially  affect  your 
deposition  goals.  1  didn't  deliberately 
get  rid  of  them;  it's  nature  that  does  it 
for  us:  because  the  satellite  droplets' 
charge-per-volume  is  higher,  they  are 
much  more  "responsive,"  if  you  will, 
to  the  electrostatic  field  that  is  im- 
posed, as  opposed  to  the  slightly  more 
sluggish,  more  inertia-driven,  larger 
droplets. 

The  second  factor  is  also  inertia- 
related.  The  satellites  are  smaller,  so 
they  move  out  a  little  faster  because 
of  the  electrostatic  repulsion.  So  it's  a 
natural  separation  that  takes  place.  But 
1  wouldn't  pay  too  much  attention  to 
this.  The  example  I  showed  was  of 
large  droplets  (10-40  /am)  of  heptane. 
If  you  spray  water  in  2-3  /xm  droplets 
you  don't  see  that  sharp  distinction 
between  the  primary  and  satellite 
droplets. 

Geller:  A  lot  of  devices  are  "open" 
devices,  meaning  they  can  accommo- 
date whatever  you  put  into  them.  But 
it  seems  that  if  the  various  liquids  have 
different  electrical  permittivities,  con- 
ductivities, and  viscosities,  then  each 
drug  might  require  a  device  made  spe- 
cifically for  that  fluid. 

(iomez:  1  don't  think  so.  In  princi- 
ple, as  you  change  lititiiil  physical 
properties,  the  optimal  flow  rate  lo  pro- 
duce 3-/u,m  droplets  might  shift,  but 
this  might  only  affect  the  level  of  mul- 
tiplexing that  you  want  to  achieve. 
Since  multiplexing  can  be  done  fairly 
easily,  they  would  probably  have  dif- 
ferent levels  of  multiplexing,  depeiul- 


ing  on  how  different  arc  the  liquid 
properties.  I'm  not  sure  that's  the  way 
they  intend  to  operate,  but,  again.  I've 
shown  you  only  the  purest  I'orm  of  elec- 
trostatic sprays.  You  can  be  a  little  more 
forgiving.  They  .seem  to  be  accepting 
somewhat  broader  sizes  to  be  issued, 
and  still  do  exceedingly  well. 

Fiel:*  What  about  environmental 
contamination?  Is  release  of  aerosol 
into  the  ambient  air  decreased  because 
of  the  way  the  particles  are  created  by 
electrospray? 

Gomez:  The  portable  device  I've 
seen  is  breath-actuated,  and  I  presume 
the  stationary  device  is  also  breath- 
actuated. 

Barry:  There  was  some  work  by 
Hashish  and  Bailey  about  10  years  ago 
that  suggested  that  charging  particles 
would  improve  lung  deposition  of  neb- 
ulizer aerosol'-  and  that  the  charge 
itself  had  a  therapeutic  benefit.  Do  you 
think  there's  an  applicability  to  using 
the  charge  as  a  part  of  the  therapy? 
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Gomez:  I  don't  know  much  about 
the  physiologic  effect  of  charge,  but 
for  all  intents  and  purposes,  the  walls 
of  the  respiratory  tract  are  "ground- 
ed." I  would  suspect  that  you  will  get 
very  little  deposition  in  the  deep  lung 
unless  you  discharge  the  droplets. 
Maybe  charge  has  a  beneficial  effect, 
but  the  question  is  how  to  get  the  drop- 
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lets  into  the  lung?  Maybe  it' sou  had  a 
catheter  or  other  intrusive  technique 
til  clehver  the  droplets  direetls  into  the 
hills:,  then  ehar>;e  mav  e\en  be  useful. 


In  that  case  you  can  have  Coulomhic 
e\plosit)n — the  I'ission  that  would 
cause  deposition  onto  the  w  alls.  But  if 
you  plan  to  inhale  the  aerosol  through 


the  mouth,  there's  no  doubt  that  the 
dro|ilels  will  be  intercepted  in  the  up- 
per respiratory  tract  unless  they  are 
discharged. 
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"Slow  and  Deep"  Aerosol  Delivery  Systems 
Summary 


Physicians  are  familiar  with  conventional  nebulizers,  which  deliver  aerosols  in  a  relatively  uncon- 
trolled manner.  As  aerosol  medications  evolve  beyond  bronchodilators,  the  need  for  control  of  dose 
variability,  the  possibility  of  overdose,  and  the  need  for  efficient  delivery  have  provoked  the  in- 
dustry to  redesign  aerosol  delivery  systems.  The  need  to  target  aerosol  delivery  to  specific  lung 
regions  has  focused  efforts  to  coordinate  aerosol  delivery  with  defined  breathing  maneuvers.  This 
review  summarizes  the  major  factors  affecting  aerosol  deposition,  discusses  how  those  factors  are 
guiding  new  designs  for  aerosol  delivery  systems,  and  describes  some  examples  of  the  improved 
precision  and  efficiency  of  those  systems.  Key  words:  nchuliraiion.  nebulizer,  aerosol,  lung  deposi- 
tion.    [Respir  Care  2UU2:47(  12):1434-1441] 


Introduction 

As  aerosol  delivery  systems,  nebulizers  typically  deliver 
aerosols  continuously  while  the  patient  breathes  tidally. 
Advances  in  aerosol  device  development  involve  both 
changes  to  aerosol-generating  technology  and  a  direct  in- 
teraction between  the  device  and  the  patient.  To  under- 
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stand  this  interaction  it  is  useful  to  review  the  basic  factors 
that  alTect  the  clinical  delivery  and  deposition  of  aerosols. 
This  review  focuses  on  physiologic  factors  that  affect  dep- 
osition and  how  those  factors  have  been  incorporated  into 
"smarter"  aerosol  delivery  systems. 

Principles 

Oropharyngeal  Deposition 

As  particles  are  inhaled.  the\  must  negotiate  the  oro- 
pharynx. For  the  treatment  of  certain  diseases  (eg,  croup) 
oropharyngeal  deposition  can  be  useful.  For  diseases  of 
the  deep  lung  the  oropharynx  is  a  barrier  to  drug  deli\ery. 

Panicle  inertia  influences  the  degree  of  oropharyngeal 
deposition.  The  "ballistic"  qualities  of  an  aerosol  are  de- 
fined by  the  mass  and  velocity  of  the  aerosol  particles  and 
by  local  airway  geometry.  There  is  a  direct  interaction 
between  \elociis  and  airwas  i:eometrv.  because  changes 
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Fig.  1.  Left:  Oropharynx  (circled)  and  the  other  airways.  Right: 
Deposition  pattern  of  nebulized  Pulmozyme  in  a  9-year-old  child. 
Approximately  60%  of  the  deposition  was  to  the  stomach,  repre- 
senting oropharyngeal  deposition,  which  is  influenced  by  the  mass 
and  velocity  of  the  aerosol  particles  and  by  airway  geometry.  (From 
Reference  2,  with  permission.) 


in  local  airway  cross  section  affect  linear  velocities.  These 
factt)rs  are  quantitati\ely  related  by  the  Stokes  number, 
which  is  calculated  by  the  simplified  Stokes  equation: 
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in  which  t  is  the  mass  component  of  the  particle  (which 
includes  the  square  of  the  particle  diameter).  U  is  the  local 
particle  velocity,  and  d  is  the  local  airway  geometry.  Thus, 
the  larger  the  particle  (t).  the  faster  it  is  mo\ing  (U).  and 
the  narrower  the  local  airway  diameter  (d).  the  greater  the 
inertia  of  the  particle. 

With  nebulizers,  vshich  generally  produce  low-velocity 
aerosols,'  the  patient's  breathing  pattern  determines  the 
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Fig.  2.  Upper  airway  deposition  in  cystic  fibrosis  (CF)  patients  (left) 
and  in  adults  with  human  immunodeficiency  virus  (HIV-).  The  CF 
patients  inhaled  1.1  fim  particles  (closed  circles)  and  3.0  /^m  par- 
ticles (open  circles).  For  both  aerosols  there  appears  to  be  con- 
siderable overlap  when  upper  airway  deposition  is  plotted  against 
body  surface  area.  This  suggests  a  geometric  factor  that  changes 
as  a  person  grows.  For  the  adults,  upper  airway  deposition  was 
negligible  (1.1  fim.  n  =  26).  (From  Reference  3,  with  permission.) 


TLC 


Fig.  3.  The  relationship  of  lung  deposition  to  breathing  pattern.  The 
flow-volume  loops  (in  which  flow  is  on  the  vertical  axis  and  lung 
volume  is  on  the  horizontal  axis)  correspond  to  the  adjacent  lung 
deposition  images.  Breathing  pattern  is  indicated  by  the  darkened 
flow-volume  path.  Upper  panel:  Deposition  during  quiet  tidal 
breathing.  Middle  panel:  Deposition  during  forced  inspiration. 
Lower  panel:  Deposition  during  tidal  inspiration  and  forced  expi- 
ration: the  sites  of  flow  limitation  shown  in  the  sketch  of  the  tra- 
cheobronchial tree  correspond  to  sites  of  deposition  in  the  dep- 
osition image.  TLC  =  total  lung  capacity.  RV  =  residual  volume. 
FRC  =  functional  residual  capacity.  See  text  for  discussion  of 
terms  A.  B,  and  C. 
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Fig.  4.  Maximum  expiratory  flow-volume  curve  for  a  normal  sub- 
ject (solid  line),  a  subject  with  moderate  obstructive  disease  (dashed 
line),  and  a  subject  with  severe  obstructive  lung  disease  (dotted 
line).  For  the  obstructed  patients  the  tidal  loop  is  superimposed  on 
the  maximum  expiratory  flow-volume  curve.  The  obstruction  in- 
creases functional  residual  capacity  (FRC),  and  as  the  disease 
process  worsens,  residual  volume  (RV)  also  increases.  Vmaxso  - 
instantaneous  forced  expiratory  flow  when  the  lung  is  at  50%  of 
vital  capacity.  (From  Reference  8,  modified  with  permission.) 


velocity  (U).  Therefore,  all  other  things  being  equal,  the 
best  way  to  maximize  the  passage  of  aerosol  particles 
through  the  oropharynx  is  to  inhale  slowly  and  have  the 
particles  be  as  small  as  possible  ("small  and  slow").  De- 
spite textbook  predictions,  particles  within  the  so-called 
"respirable  range"  ( 1-5  fim)  can  deposit  in  the  oropharynx 
of  a  child,  even  during  tidal  breathing.  Figure  1  shows  a 
scan  of  a  9-year-old  child  who  inhaled  a  radiolabeled  aero- 
sol (of  Pulmozyme)  that  had  a  mass  median  aerodynamic 
diameter  of  3.0  /am.  Approximately  60%  of  the  aerosol 
appears  in  the  stomach,  meaning  that  it  had  first  deposited 
in  the  oropharynx.-  Figure  2  shows  upper  airway  deposi- 
tion data  in  adults  and  children.  The  figure  shows  that 
upper  airway  deposition  is  higher  for  both  1  jum  and  3  jlliti 
particles  in  younger  childien  (who  have  lower  body  sur- 
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Fig.  5.  Maximal  flow-volume  loops  superimposed  over  tidal  breath- 
ing loops  from  normal  subjects  (upper  row)  and  patients  with  se- 
vere obstructive  lung  disease  (lower  row).  Note  the  difference  in 
the  sensitivity  of  the  flow  axis  (10  L7s  with  the  normals;  5  Us  with 
the  obstructed  patients).  (From  Reference  9,  modified  with  per- 
mission.) 


Fig.  6.  Left:  Flow-limiting  segments  in  the  tracheobronchial  tree 
(white  segments  in  left  panel).  Right:  Corresponding  lung  deposi- 
tion image  (posterior  view)  from  a  patient  with  severe  chronic  ob- 
structive pulmonary  disease.  Particle  deposition  occurs  at  flow- 
limiting  segments.  (From  Reference  10,  with  permission.) 


face  area),  whereas  those  particle  sizes  do  not  deposit  in 
the  oropharynx  in  adults.'  That  suggests  that  airway  ge- 
ometry can  be  the  dominant  deposition  factor  in  younger 
children,  despite  relatively  small  particles  (as  small  as  1.0 
jum)  and  typical  patterns  of  tidal  breathing. 

Deposition  in  the  Deep  Lung 

The  patient's  breathing  pattern  is  the  most  iiiiporlant 
factor  affecting  deposition  to  the  deep  lung.  Figure  3  il- 
lustrates the  relationship  of  breathing  pattern  and  deposi- 
tion in  adults.  To  summarize  as  much  physiology  as  pos- 
sible. I  have  chosen  to  relate  deposition  to  the  position  of 
the  subject's  breathing  pattern  on  the  tlow-volume  rela- 
tionship of  the  lung.  The  axes  depicted  in  Figure  3  are  flow 
(vertical  axis)  and  lung  volume  (horizontal  axis).  Breath- 
ing begins  at  functional  residual  capacity  (FRC)  and  the 
tidal  loop  is  outlined  in  the  upper  panel.  Tidal  breathing  is 
initiated  at  point  A;  inspiratory  tlow  is  downwards  and 
volume  increases  to  the  left.  The  loop  is  closed  during 
expiration.  The  right-hand  panels  show  the  corresponding 
lung  deposition  patterns.  Lung  outlines  were  determined 
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Fig.  7.  Variability  in  deposition  during  tidal  breathing:  deposition  frac- 
tion (DF)  versus  age  (left  panel)  and  airways  resistance  (Raw)-  There 
appears  to  be  a  correlation  for  both  relationships,  but  it  is  stronger  for 
airway  resistance.  (From  Reference  12,  with  permission.) 
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Table  1.      Variability  of  Fine  Piulicle  Deposition  in  Healthy  Adiills; 
Effect  of  Aae  and  Sex 


Table  2.       Air  Flow  and  Particle  Deposition  in  Normals  Versus 
Patients  with  Severe  Obstructive  Lung  Disease 


Male  (II  =  25)   Female  W  =  37) 


Deposition  fraction  0.24  ±  0.05  0.28  ±  0.06  0.007 

Pulmonary  function  |R,«  )      0.80  ±  0..^2  1..12  ±  0.4.1        <  O.OOl 


Values  arc  niciin  *  SO 
Raw  ~  air%^ay  resistance. 
(Adapted  from  Rcfcrcncc  I-  ) 


by  equilibrium  xenon  scan.  In  ilic  upper  panel,  particle 
deposition  appears  to  be  relativels  peripheral  and  primar- 
il}  in  the  lower  lung  regions.  This  pattern  retlects  the 
concept  of  increased  ventilation  in  the  lower  lobes  during 
tidal  breathing  near  FRC.  The  subject  in  Figure  3  had  in- 
haled a  monodisperse  aerosol  of  1.5  /i.m  particles,  and  dep- 
osition in  the  oropharynx  and  central  airways  was  negligible. 

The  middle  panel  of  Figure  ?  shows  a  markedly  differ- 
ent pattern  of  inspiration,  with  the  subject  inhaling  as  rap- 
idly as  possible  along  the  maximal  inspiratory  flow-vol- 
ume relationship  (curve  C.  expiration  is  not  shown).  With 
this  breathing  pattern,  particles  deposit  in  central  airways. 
at  bifurcations,  and  inspiratory  impaction  is  the  dominant 
force  affecting  deposition.  Even  at  these  rapid  flows,  in 
adults  small  panicles  can  make  it  through  the  oropharynx, 
as  shown  in  the  deposition  image. 

The  lower  panel  in  Figure  .3  represents  an  interesting 
pattern  of  breathing  and  deposition:  the  subject  inhales 
slowly  from  FRC  to  total  lung  capacity  and  immediately 
performs  a  maximal  expiratory  flow-volume  inaneuver 
(cur\e  B)  from  total  lung  capacity  to  residual  volume. 
During  a  forced  expiration  the  central  airways  collapse 
and  form  flow-limiting  sesments,-'  which  tend  to  form  in 
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Fig.  8.  Deposition  fraction  (DP)  versus  pattern  of  breathing  defined 
by  a  relationship  that  represents  a  measure  of  the  period  of  breath- 
ing (tidal  volume  divided  by  breathing  frequency  squared  [Vt/f']). 
Data  for  controlled  breathing  in  a  single  subject  are  superimposed 
on  measurements  obtained  from  spontaneously  breathing  patients. 
(From  Reference  13,  with  permission.) 


FEV,  (%  of 
predicted) 


C/P  Tidal 


DF  Tidal 


Normal  subject  1 

78 

i.in 

0.08 

Normal  subject  2 

77 

1.(16 

0.04 

Normal  subject  .^ 

74 

l.Oh 

()..'il 

Normal  subject  4 

71 

0.94 

0.25 

Normal  subject  5 

62 

1.02 

0.04 

Mean  ±  SD 

1.02  ±  0.73 

0.18  ±  2.01 

r 

0.351 

0.132 

p  =  NS 

p  =  NS 

Flow-limited  subject  1 

.38 

1.81 

0.31 

Flow-limited  subject  2 

34 

2..37 

0.41 

Flow-limited  subject  i 

31 

1.69 

0.54 

Flow-limited  subject  4 

21 

2.46 

0.29 

Flow -limited  subject  5 

14 

0.92 

0.16 

Mean  ±  SD 

1.85  ±  0.13 

0.34  ±0.13 

r 

0.636 

0.871 

p  =  NS 

p  <  0.05 

C/P  -  ralio  ot  ccnual  deposition  to  peripheral  deposilion. 
DF  -  deposition  fraction. 
NS  =  not  signiUcanl. 
(Adapted  from  Reference  II.) 


lobar  and  .segmental  bronchi  (highlighted  in  the  tracheo- 
bronchial tree  in  Figure  3).''  These  dynamic  resistors  limit 
flow  and  create  zones  of  high  turbulence  and  particle  ac- 
celeration, which  affects  the  deposition  of  particles  being 
exhaled  from  the  deep  lung.''  Deposition  during  flow  lim- 
itation is  enhanced,  as  shown  in  Figure  3,  as  particles  have 
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Fig.  9.  Deposition  images  from  an  asthmatic  patient,  obtained 
dunng  different  patterns  of  breathing:  single  inspiration  with  the 
AERx  (left)  and  tidal  breathing  w/ith  the  PARI  nebulizer  (right). 
Mean  *  standard  deviation  deposition  fractions  from  4  asthmatic 
subjects  were:  AERx  80.0  *-  1.56%;  PARI  26.5  -  5.72%.  Vanabil- 
ity  IS  much  greater  with  the  PARI  device  (tidal  breathing)  than  with 
the  AERx  (single  breath).  (From  Reference  14,  with  permission.) 
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Fig.  10.  Inhaled  mass  as  percentage  of  nebulizer  charge  versus 
time  for  the  AeroEclipse  nebulizer.  Data  points  are  shown  for  breath 
actuation  (tidal  volume  440  mL)  and  continuous  nebulization  (tidal 
volume  200  and  50  mL).  Breathing  pattern  1  (BP1 ,  stippled  cir- 
cles): Vy  =  440  mL,  respiratory  rate  (f)  =  19  breaths/min,  duty 
cycle  (ratio  of  the  inspiratory  time  to  the  total  breathing  cycle 
time)  =  0.5.  Breathing  pattern  2  (BP2,  open  circles):  V-r  =  200  mL, 
f  =  25  breaths/min.  duty  cycle  =  0.5.  Breathing  pattern  3  (BP3, 
closed  circles):  Vj  =  50  mL,  f  =  40  breaths/min,  duty  cycle  =  0.5. 
Aerosol  released  into  the  environment  (leak)  is  also  shown.  (Adapt- 
ed from  Reference  15.) 


deposited  in  central  lung  regions  in  a  normal  subject  dur- 
ing a  forced  expiration.^ 

Figure  4  is  anotiier  representation  of  the  maximal  flow- 
volume  relationship,  but  with  only  events  during  expira- 
tion and  tidal  breathing  depicted.  The  normal  curve  is 
shown  with  the  representative  maximum  flows  at  509c  and 
259c  of  vital  capacity  (VC).  The  2  flow-volume  relation- 
ships below  normal  represent  moderate  and  severe  ob- 
structive lung  disease.  For  example,  as  a  patient  develops 


emphysema  aiui  there  is  loss  of  elastic  recoil,  maximum 
expiratory  How  diminishes.''  With  moderate  disease,  max- 
imum flow  can  be  superimposed  on  tidal  breathing,  as 
illustrated  by  the  superimposition  of  the  2  curves  near  the 
normal  tidal  loop.  Over  time,  as  the  disease  progresses, 
maximum  flow  can  reduce  e\en  further.  To  sustain  tidal 
breathing  at  normal  levels.  FRC  must  increase  (shift  to  the 
left  in  the  figure).  Figure  4  illustrates  that  in  obstructive 
lung  disease,  patients  are  breathing  on  their  maximal  ex- 
piratory flow-volume  curves  even  during  tidal  breathing. 
Flow-limiting  segments  exist  in  the  same  airways  as  nor- 
mal subjects  during  forced  expiration,  but  the  segments  are 
flow-limited  during  every  tidal  breath.  Figure  5  illustrates 
this  phenomenon  with  actual  tlow-volume  loops  from  nor- 
mal subjects  and  patients  with  severe  obstructive  lung  dis- 
ease."' The  obstructed  patients  ha\e  preser\ed  inspiratory 
flows  and  markedly  reduced  expiratory  flows.  \\  ith  super- 
imposition  of  their  maximum  flo\\-\i)luiiie  relationships 
on  their  tidal  loops. 

Figure  6  shows  particle  deposition  in  a  characteristic 
patient  with  advanced  emphysema.  Like  the  normal  sub- 
ject who  placed  himself  on  the  tlo\\-\(ilume  cur\e  by  per- 
forming a  forced  expiration,  a  patient  with  obstruction  has 
a  similar  deposition  pattern,  but  this  phenomenon  occurs 
during  tidal  breathing.  Particles  that  pass  through  the  oro- 
pharynx during  inspiration  enter  the  central  airways  and 
traverse  them  without  difficulty,  because  lobar  and  seg- 
mental bronchi  are  generally  widely  patent  during  inspi- 
ration in  emphysema  patients.  Then  the  particles  enter 
alveoli,  with  a  few  depositing  by  sedimentation,  and,  like 
cigarette  smoke,  the  bulk  of  the  aerosol  is  exhaled.  During 
exhalation,  however,  the  central  airways  collapse,  turbu- 


Fig.  1 1 .  Tidal  breathing  pattern  measured  by  Halolite  device.  After  3  breaths,  aerosol  is  injected  as  a  bolus  only  during  inspiration  (P,  +  P2, 
adaptive  aerosol  delivery).  Total  aerosol  delivered  to  the  patient  (inhaled  mass)  is  defined  by  the  sum  of  the  boluses.  Pulse  time  =  50%  of 
the  sum  of  T,  +  T^  +  T3,  Dose  =  the  sum  of  P,  ->  P,  .  . .  P3.  (Courtesy  of  Profile  Therapeutics,  Boston,  Massachusetts.) 
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COPD  patient  with  severe  emphysema: 
FEVi  =  30% 
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Fig.  12.  Deposition  images  after  aerosol  inhalations  from  the  AKITA  device,  with  a  patient  with  severe  obstructive  lung  disease  (left  panels). 
Deposition  appears  to  be  penpheral  for  all  particle  sizes  tested.  The  images  mirror  a  ventilation  Image  (krypton  gas).  The  right  panel  Is  a 
deposition  image  obtained  from  a  similar  patient  who  Inhaled  the  aerosol  with  tidal  breathing.  Differences  In  deposition  pattern  between  the 
AKITA  and  tidal  breathing  reflect  the  different  mechanisms  of  deposition:  AKITA  involves  inspiratory  settling,  whereas  tidal  breathing 
Involves  expiratory  deposition  at  flow-llmlting  segments.  (Courtesy  of  InAMed,  Munchen-Gauting,  Germany). 


lence  increases  at  the  collapsed  segments,  and  particles 
deposit  at  tlmv -limiting  segments." 

Variability  in  Particle  Deposition 

The  paragraphs  above  illustrate  phenomena  that  affect 
the  regional  deposition  of  particles  within  the  oropharynx 
and  lungs.  Classically,  clinical  aerosols  are  delivered  dur- 
ing tidal  breathing.  Figure  7  shows  the  variation  in  depo- 
sition in  a  group  of  normal  subjects.  When  plotted  against 
age.  deposition  shows  a  poor  correlation.  A  somewhat 
better  correlation  is  seen  between  deposition  and  airways 
resistance,  a  measure  of  airway  geometry.'"  Table  I  shows 
the  relationship  of  sex  to  deposition  and  airways  resis- 
tance. Though  the  differences  are  small,  deposition  in 
female  subjects  is  significantly  higher,  probably  due  to 
overall  differences  in  airway  geometry,  with  female  cros.s- 
sectional  limg  dimensions  being  smaller  than  that  in  males, 
as  indicated  by  the  higher  airways  resistance. '- 

The  major  factor  influencing  deposition  in  normal  sub- 
jects appears  to  be  breathing  pattern.  As  shown  in  Figure 
8.  the  fraction  of  particles  that  deposit  in  the  lung  can  be 
closely  related  to  a  parameter  of  ventilation  that  is  similar 
to  the  period  of  breathing."  This  would  suggest  that  dur- 
ing tidal  breathing  deposition  is  controlled  by  sedimenta- 
tion in  small  airwavs.  influenced  bv  local  ^eometrv  (eu. 


the  sex  differences)  and  to  a  strong  degree  by  the  residence 
time  (period  of  breathing).  Table  2  compares  data  from 
normal  subjects  and  patients  with  severe  obstructive  lung 
disease.  As  shown  in  Table  2  and  as  discussed  above,  in 
flow-limited  individuals  particles  tend  to  deposit  in  central 
airways  (higher  central/peripheral  ratio).  In  addition,  the 
number  of  particles  deposited  per  breath  (deposition  frac- 
tion) is  also  significantly  higher  in  the  flow-limited  pa- 
tients, all  other  factors  being  equal." 

In  summary,  total  deposition  in  the  lung  during  tidal 
breathing  is  a  weak  function  of  age  and  sex  but  a  strong 
function  of  the  period  of  breathing  and  the  presence  of 
How  limitation.  Thus,  in  a  given  patient  it  is  difficult  to 
predict  deposition  and  therefore  the  dose  of  drug.  This  is 
illustrated  in  the  right  panel  of  Figure  9.  which  is  a  dep- 
osition image  from  an  asthmatic  patient  who  inhaled  from 
a  conventional  nebuli/er  (PARI  LC  Star).  On  average  that 
device  deposits  26.5  ±  5.12'/r  of  the  nebulizer  charge  in 
the  lung.'-'  The  variability  of  deposition,  as  shown  by  the 
standard  deviation,  is  significant,  averaging  20%  between 
subjects.  If  the  physiologic  variables  described  above  are 
the  major  factors  involved  in  that  variability,  then  a  breath- 
ing pattern  designed  to  miniinize  the  airway  geometry  dif- 
ferences, control  the  peiiod  of  breathing,  and  prevent  ex- 
piratory events  from  increasing  deposition  to  the  central 
airways  may  control  that  \ariability.  To  study  that  possi- 
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bilil).  both  the  AERx  and  I'ARI  LC  Star  devices  were 
used  with  a  group  of  patients  (see  Fig.  9).  The  AERx 
device  is  an  aerosol  generator  that  delivers  particles  only 
during  inspiration,  in  a  single,  controlled  breath.  In  terms 
of  our  physiologic  review,  it  standardizes  the  period  of 
breathing  and  niinimi/es  exhaled  particles.  Deposition  with 
the  AERx  (.see  Eig.  9)  indicates  a  much  higher  mean  dep- 
osition (80.0%),  with  a  standard  deviation  of  only  1.56%, 
which  is  only  2%,  or  one  tenth  that  of  the  PARI  LC  Star. 
Though  there  are  other  differences  to  be  discussed  be- 
tween these  devices,  the  variation  in  deposition  is  the  key 
issue  here,  and  that  variation  is  reduced  by  an  order  of 
magnitude  simply  by  controlling  the  breathing  pattern. 

Smart  Nebulizers 

The  emphasis  in  this  review  has  been  to  summarize  the 
relationship  between  aerosol  deposition  and  basic  vari- 
ables of  respiratory  physiology.  The  inajor  factors  influ- 
encing deposition  of  aerosols  are  the  breathing  pattern  and 
differences  in  airways  physiology  between  inspiration  and 
expiration.  "Smart"  nebulizers  are  designed  to  manipulate 
the  breathing  pattern  to  control  deposition,  the  efficiency 
of  drug  delivery,  and  the  dose  to  the  lung. 

Breath  Actuation 

The  simplest  of  the  "smart'  devices  is  the  AeroEclipse 
nebulizer  (Monaghan  Medical.  Syracuse,  New  York), 
which  uses  mechanical  pressure-sensing  components  to 
sense  a  tidal  breath  and  delivers  aerosol  only  during  in- 
spiration, provided  that  the  tidal  volume  is  approximately 
200  mL  or  greater.  Figure  10  shows  the  AeroEclipse's 
output  of  aerosolized  budesonide.  For  a  tidal  volume  of 
440  mL  the  device  delivers  approximately  35%  of  the 
nebulizer  charge  (inhaled  mass),  which  is  considerably 
higher  than  the  delivery  reported  for  conventional,  contin- 
uously-operating nebulizers.'  Figure  10  also  shows  the 
quantity  of  aerosol  leaked  from  the  device  during  expira- 
tion, which  averaged  <  5%.  When  the  device  was  u.sed 
continuously  (for  sinaller  tidal  volume),  the  inhaled  mass 
was  less,  and,  equally  important,  significantly  more  aero- 
sol leaked  into  the  ambient  air.  This  finding  demonstrates 
the  importance  of  breath  actuation  in  enhancing  inhaled 
mass  and  ivtlucing  the  tiuantity  of  leaked  aerosol. 

Control  of  Dose  During  Tidal  Breathing 
(Adaptive  Aerosol  Delivery) 

As  discussed  above,  dcli\cring  aerosolized  drugs  during 
tidal  breathing  is  fraught  with  high  variability.  The  HaloLite 
system  (Profile  Therapeutics,  Boston,  Massachu.setts)  was  de- 
signed to  standardize  the  dose.  The  HaloLite  introduced  the 
concept  of  "adaptive  aerosol  delivery."  in  which  the  device 


measures  the  patient's  tidal  breathing.  I  have  observed  con- 
siderable variability  in  breathing  patterns  between  subjects 
when  administering  aerosols  during  tidal  breathing.  How- 
ever, for  a  given  subject  the  breathing  pattern  appears  to  be 
relatively  well  defined  breath  to  breath.  Adaptive  aerosol  de- 
livery measures  tidal  breathing  (Fig.  1 1 ),  and  after  3  breaths 
the  device  injects  aerosol  into  the  air  stream  only  during 
inspiration.  Though  the  breath-by-breath  delivery  of  aerosol 
may  vaiy  between  subjects,  adaptive  aerosol  deliveiA'  sums 
the  boluses  of  aerosol  created  on  a  breath-by-breath  basis  and 
therefore  defines  the  inhaled  mass  for  each  individual.  Adap- 
tive aerosol  delivery  combines  the  attributes  of  breath  actu- 
ation (better  efficiency  and  less  leaked  aerosol)  with  greater 
control  of  the  inhaled  quantity  of  drug. 

"Slow  and  Deep"  Aerosol  Delivery  Systems 

In  patients  with  obstructive  lung  disease  the  promotion  of 
deposition  in  the  peripheral  lung  poses  a  substantial  chal- 
lenge. In  addition  to  the  vagaries  of  tidal  breathing,  aerosol 
deposition  is  enhanced  during  expiration  at  sites  of  flow  lim- 
itation. In  addition,  peripheral  deposition  is  reduced  in  sub- 
jects who  have  emphysematous  alveoli,  because  the  settling 
of  particles  is  minimized  in  the  larger  air  spaces.  Based  on 
these  physiologic  considerations,  peripheral  aerosol  deposi- 
tion in  these  subjects  would  be  favored  with  a  system  that 
provides  a  slow,  prolonged  inspiration  (to  promote  deposition 
by  settling)  with  a  breath  that  is  long  enough  to  minimize  the 
aerosol's  availability  to  the  airways  during  expiration.  The 
AKITA  system  (InAMed.  Miinchen-Gauting.  Gennany)  is 
designed  to  do  this.  This  system  does  not  allow  the  patient  to 
breathe  tidally,  but  by  providing  a  measured  degree  of  in- 
spiratory resistance,  inhalation  from  a  conventional  nebuli/er 
is  controlled  and  the  inhalation  is  slow  and  deep.  Because  the 
patient  breathes  against  a  fixed  resistance  for  a  long  enough 
period,  particles  settle  in  the  peripheral  airways  and  only  a 
limited  quantity  of  aerosol  is  exhaled.  In  patients  with  severe 
emphysema  this  maneuver  promotes  peripheral  deposition 
and  minimizes  expiratory  deposition  at  tlow-limiting  seg- 
ments. Figure  12  shows  images  from  inhalations  ot  3  differ- 
ent piuticle  sizes  (2,  3,  and  4  /ixm),  each  of  which  are  con- 
sistent with  a  peripheral  deposition  pattern  (simiku-  to  the 
distribution  of  an  inhaled  gas,  lower  right  panel).  The  right 
panel  of  Figure  1 2  shows  a  typical  image  from  tidal  breathing 
in  an  emphysematous  patient,  with  deposition  at  llow-limit- 
ing  segments  in  central  ainvays. 

Summary 

Over  the  last  10-20  years  the  physiology  of  aerosol 
deposition  in  health  and  disease  has  been  defineil  to  the 
extent  that  manufacturers  now  have  tools  that  alknv  the 
delivery  of  aerosolized  drugs  with  an  increasing  degree  of 
control.  Ill  the  past  the  most  common  drugs  delivered  to 
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patients  were  extremely  safe  and  dose  control  was  of  lini- 
iled  value.  Bewnid  bronchodilators.  however,  dose  eonlrol 
and  device  efficiency  are  increasingly  important.  For  exam- 
ple, to  treat  pulmonan  emphysema  it  is  likely  that  (V|-anti- 
trypsin  should  be  deposited  in  aheoli  rather  than  central  air- 
ways, but  sophisticated  devices  are  necessary  to  do  this  with 
any  degree  of  control  or  efficiency.  Equally  important  is  the 
danger  to  caregivers  from  exposure  to  leaked  and  exhaled 
aerosols.  Systems  designed  to  maximize  deposition  beloiv 
exhalation  are  beginning  to  address  this  problem. 
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Discussion 


Dennis:  I  want  to  ask  about  occu- 
pational exposure  to  aerosolized  drugs. 
In  England  we  have  the  National 
Health  Service,  which  is  based  on  Vic- 
torian-era hospitals.  About  15  years 
ago  over  half  of  the  food  poisoning 
cases  in  the  United  Kingdom  weren't 
in  schools  or  homes,  but  in  hospitals, 
because  they  had  exemption  from 
Crown  prosecution,  so  they  had  very 
poor  standards  of  hygiene.  Hospitals 
in  the  United  Kingdom  are  still  very 
slow  to  adopt  health  and  safety  im- 
provements, so  we  have  lots  of  occu- 
pational chemical  exposure  in  hospi- 
tals that  are  not  accepted  in  other 
industries.  What  is  the  story  in  North 
America?  Why  is  it  that  we're  allowed 
to  expose  health  care  workers?  We 
know  that  we're  exposing  them,  and 
we  know  that  these  chemicals  can  be 
classified  as  industrial  agents,  because 
they  have  health  effects  and  sensitiza- 


tions associated  with  them.  Similar  oc- 
cupational exposure  wouldn't  be  al- 
lowed in  the  pharmaceutical  industry 
that  manufactures  the  drug.  Why  do 

we  allow  this? 

Smaldone:  It's  not  really  allowed. 
It's  not  addressed  because  it's  not 
thought  of.  In  our  system  when  it  was 
discovered  in  the  case  of  our  nurses. 
there  was  a  dialogue  with  OSHA  [the 
Occupational  Safety  and  Health  Ad- 
ministration!, the  responsible  federal 
agency,  which  is  usually  called  in  by 
workers  when  they  wonder  if  there's 
an  exposure  or  if  they  should  be  con- 
cerned about  something.  NIOSH  [the 
National  Institute  for  Occupational 
Safety  and  Health]  made  measure- 
ments, and  we  took  a  lot  of  urine  spec- 
imens for  them  during  the  pentami- 
dine era.  Then  we  addressed  the  issue 
in  our  hospital.  If  we  don't  address 
these  issues  up  IVonl.  then  sooner  or 
later  they're  going  to  become  public 
issues. 


Hess:  From  what  we  can  tell.  OSHA 
and  NIOSH  have  not  even  considered 
issues  of  caregiver  exposure  to  anti- 
biotics. We  looked  all  over  their  Web 
site  and  we  called  people,  and  it  seems 
that  it's  not  even  on  their  radar  screen. 

Smaldone:  I  think  OSHA  and 
NIOSH  generally  don't  consider  prob- 
lems unless  people  demand  that  they 
do.  They  are  responding  agencies,  not 
proactive  agencies. 

Hess:  And  the  problem  is  that  you're 
not  going  to  know  for  years  and  years 
the  effects  on  drug  resistance  from 
long-term,  low-dose  exposure  to  anti- 
biotics. 

Smaldone:  Well,  there  are  a  lot  of 
speculalions.  of  course,  about  the  ef- 
fects of  these  drugs.  It's  best  to  ad- 
dress il  up  front.  I  can  say  from  some 
work  1  did  with  Battelle  years  ago, 
that  lor  the  aerosoli/etl  chemotherapy 
agents  (here's  a  tremendous  amount 
of  proactive,  protective  attitude.  But 
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that's  at  a  knowledgeable  organiza- 
tion that  knows  that  it's  going  to  have 
to  deal  uilli  il. 

Hess:  And  those  are  agents  that  phar- 
macists and  others  have  been  con- 
cerned about  for  years. 

Smaldone:     Correct. 

Fink:  When  exposure  risks  have 
come  to  our  attention,  with  drugs  such 
as  pentamidine  and  ribavirin,  there  has 
been  a  response  from  the  clinical  com- 
munity, with  extensive  efforts  to  im- 
plement guidelines  to  protect  work- 
ers. Unfortunately  those  guidelines 
were  more  oriented  to  protecting  work- 
ers than  visitors,  parents,  or  patients. 
We  should  promote  better  protection 
from  second-hand  aerosol  exposure, 
with  safeguards  extending  to  protect 
anyone  at  risk  of  exposure. 

Smaldone:  I  agree,  and  I  think  that 
a  complementary  approach  is  for  the 
pharmaceutical  companies  to  proac- 
tively  process  safety  into  their  mar- 
keting plans. 

Geller:  In  pediatrics  we're  stuck 
with  a  population  that  has  to  do  tidal 
breathing  technique.  Some  companies, 
such  as  Monaghan  Medical  with  their 
AeroEclipse  nebulizer,  are  working  on 
making  the  breath-actuation  part  more 
sensitive,  to  make  it  useful  with 
younger  patients.  Can  you  make  any 
recommendations — short  of  abandon- 
ing aerosol  therapy  in  infants — to  op- 
timize that? 

Smaldone:  We  are  just  getting  into 
iliai  now.  One  of  critical  issues  about 
delivering  aerosols  to  infants  is  face 
mask  physiology.  There's  a  different 
physiology  between  spacer  aerosol  de- 
livery and  nebulizer  aerosol  delivery. 
Attention  paid  to  face  masks  wouki 
provide  for  scenarios  where,  at  leasi 


*James  B  Fink  MSc  RRT  FAARC.  Acnigcn. 
Mountain  View.  California. 


as  a  first  approximation,  we'd  be  able 
to  standardize  drug  delivery  for  dil- 
ferent  age  groups.  There  is  technol- 
ogy available  to  control  aerosol  deliv- 
ery in  children.  It's  a  wide-open  area 
and  we're  just  at  the  beginning  of  it. 

Fink:  My  understanding  is  that  the 
AKITA  device  integrates  very  slow, 
deep  breaths  with  some  ""smart  card" 
technology  that  measures  certain  of 
the  user's  pulmonary  function  vari- 
ables and  uses  that  information  to 
achieve  optimal  delivery. 

Smaldone:  That's  right.  I  don't  have 
any  experience  with  the  AKITA.  and 
the  information  I  have  on  it  was  kindly 
supplied  to  me  by  Gerhardt  Scheuch. 
I  can't  vouch  for  the  data,  but  1  think 
it  probably  does  what  they  say  it  does. 
The  smart  card  incorporates  pulmo- 
nary function  variables  and  their  da- 
tabase of  information  on  deposition. 
They  believe  they  have  a  model  that 
can  predict  deposition.  The  device 
measures  the  breathing  pattern  and  co- 
ordinates aerosol  delivery  with  the 
breathing  pattern,  based  on  their 
model.  They've  shown  in  scintigra- 
phy studies  and  other  studies  that  it's 
predictive. 

Gomez:  I  want  to  discuss  the  rela- 
lionship  between  lung  deposition  and 
the  Stokes  number.  In  general,  mean- 
ing for  all  airways,  deposition  is 
strictly  a  Stokes  number  affair,  and 
you  started  out  on  the  right  foot,  but 
you  .seemed  to  depart  from  that  con- 
clusion, because  you  thought  that  there 
are  other  factors  that  come  in:  you 
mentioned  particle  behavior  in  pedi- 
atric patients.  But  perhaps  everything 
can  be  interpreted  in  terms  of  the 
Stokes  number,  because  the  definition 
of  the  Stokes  number  has  a  particle 
lime  and  a  tluid  lime.  The  particle  time 
is  where  the  particle  size  comes  in.  as 
well  as  the  particle  density.  1-or  exam- 
ple, colleagues  ha\e  worked  on  the 
density  as  well,  to  achieve  distal  lung 
deposition.  Then  you  ha\e  die  fluid 


time  that  varies.  If  you  have  turbu- 
lence, as  you  might  in  the  upper  re- 
spiratory tract,  then  fluctuations  in  ve- 
locity may  affect  the  fluid  time.  So 
I'm  wondering  if.  on  that  physics  ba- 
sis, everything  can  be  interpreted  in 
terms  of  the  Stokes  number. 

Smaldone:  I  understand.  I  can't  an- 
swer you  with  precision,  but  I  think 
that  if  you  can  show  me  that,  for  ex- 
ample, the  settling  velocity  equations 
are  offshoots  of  the  Stokes  number, 
then  I  wt)uld  agree  with  you.  But  I 
think  that,  from  a  superficial  point  of 
view,  during  tidal  breathing,  the  pe- 
riod of  breathing  is  the  primary  factor 
(superimposed  on  an  airway  geome- 
try, an  airway  cross-section)  that  de- 
termines deposition.  I  don't  know 
enough  about  fluid  dynamics  to  .say 
whether  I  can  agree  with  you,  but  to 
me,  settling  velocity  is  not  necessarily 
a  Stokes-type  relationship.  It's  a  dif- 
ferent type  of  phenomenon.  But  if  you 
want  to  consider  them  equisalent,  then 
I  would  agree  with  you. 

Gomez:  No.  Settling  is  a  different 
issue.  Deposition,  when  it's  controlled 
by  the  competition  of  inertial  effects 
and  viscous  forces,  depends  on  the 
Stokes  number.  In  a  quiescent  envi- 
ronment settling  kicks  in.  but  before 
sedimentation  can  play  an  important 
role,  particles  must  reach  the  distal  re- 
gion. To  that  end.  control  of  their  in- 
ertial behavior,  and  therefore  their 
Stokes  number,  is  critical. 

Smaldone:  Well.  I  think  that  in  the 
periphery,  during  tidal  breathing,  set- 
tling is  believed  by  most  to  be  an  im- 
portant factor  in  deposition,  although 
v.e  don't  reallv  understand  very  well 
the  convecli\e  nature  of  flow  in  the 
deep  liuig.  And  there  can  be  convec- 
tive  foices  that  influence  ihe  Iransfer 
of  particles,  say.  from  tidal  air  to  re- 
sidual air  and  deposition.  Fluid  dy- 
namics in  the  lung  is  a  \ery  interest- 
ing area.  Irom  a  simplifled  point  of 
view,  which  is  why  1  went  into  med- 
icine. There  are  clearK  inertial  effects 
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in  the  oropharynx  and  there  are  peri- 
odicity et't'ects  in  the  periphery  that 
are  controlled,  at  least  in  a  gross  sense, 
by  the  tidal  breathing  pattein.  Bill  Ben- 
nett's data  are  by  tar  the  best  on  that 
subject,  and  I  think  the\  illusiialc  that 
principle.' 
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McMahon:*  1  want  to  ask  about  ef- 
ficiency and  breath-actuation.  Breath- 
actuation  will  make  nebulizers  more 
efficient,  so  that  a  greater  percentage 
of  the  drug  will  reach  the  lung.  How 
is  that  being  dealt  with  in  the  clinical 
setting  as  far  as  determining  dose? 

Snialdone:  That's  a  good  question. 
I'll  give  you  my  answer,  and  I  am 
sure  there  are  many  other  answers  in 
this  room.  Device  development  and 
drug  development  often  occur  on  dif- 
ferent tracks.  A  lot  of  the  devices  that 
we've  discussed  at  this  conference 
have  been  developed  independently  of 
drugs.  Manufacturers  believe  that  ef- 
ficiency is  important,  but  it  won't  be 
shown  to  be  important  until  it's  linked 
to  given  drugs.  If  you  use  a  more  ef- 
ficient device  for  a  drug  that's  already 
on  the  market,  then  you  have  to  deal 
with  that  efficiency.  The  bottom  line 
is  that  physicians  have  to  be  educated 
about  the  devices  they're  dealing  with. 
The  basic  issue  regarding  breath-ac- 
tuation, for  example,  is  that  it's  like 
any  other  tool.  If  you  have  a  patient 
who  won't  sit  there  for  10  minutes, 
you  can  treat  them  for  5  minutes  with 
a  device  that's  twice  as  efficient,  ;/ 
you  know  thai  you  can  do  that.  But 
your  question  reflects  the  vagaries  of 
device/drug  development,  and  that's 
an  issue  that  others  here  are  going  to 
have  to  address. 


P'iei:  I  want  to  reiterate  that  point. 
That  is  exactiN  the  disconnect  of  the 
clinical  arena  Ironi  the  dc\elo|iment 
arena.  The  dose  that  is  described  is 
ne\er  the  exact  dose  delivered,  and 
e\en  the  area  of  deposition  is  I'rc- 
qiientl\  not  known.  1  think  the  clinical 
side  needs  to  work  together  with  the 
de\cli>|iment  side  so  that  we  ha\e  a 
much  cicaicr  understanding  of  what  is 
being  dclivcrctl  to  the  lung,  so  we  can 
make  a  hitic  more  sense  out  of  what 
we  are  doing.  Another  point  that  was 
briHight  up  by  Dean  (HessJ  is  in  rela- 
tion to  risks  from  aerosol  contamina- 
tion in  the  hospital,  particularly  with 
antibiotics  in  the  intensive  care  unit, 
where  drug  resistance  is  a  \ery  impor- 
tant topic. 

Snialdone:  1  think  that  right  now 
antibiotics  are  niH  as  comiuonly  used 
as  one  would  think.  In  the  intensive 
care  unit  we  use  a  lot  of  aerosolized 
antibiotics,  using  Stony  Brook  proto- 
cols. All  those  systems  are  filtered, 
and  the  exposure  to  caregivers  is  min- 
imal. I  believe.  With  regard  to  inhaled 
tobramycin,  for  example,  in  the  hos- 
pital it's  not  clear  what  the  exposure 
is  to  caregi\ers  in,  say,  a  single  room 
in  a  hospital.  Most  of  our  cystic  fibro- 
sis patients  get  a  private  room  and  all 
their  aerosol  treatments  are  enclosed. 
I  think  it's  important  to  consider  care- 
giver exposure,  but  there's  very  little 
data  on  it  and  it  needs  to  be  studied.  1 
would  do  it  on  a  proactive  basis. 

Stenzler:*  Selecting  the  particle  size 
for  different  patients  may  be  more  im- 
portant. For  example,  inCOPD  [chron- 
ic obstructi\e  pulmonary  disease]  pa- 
tients who  have  good  air  flow  during 
inspiration,  using  a  particle  that's 
slightly  larger,  that  isn't  exhaled  back 
into  the  central  airways,  may  have  a 
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better  deposition.  What  are  your 
thotighls  on  that',' 

.Smaldone:  1  think  that  if  you  com- 
bine llic  AKl  lA  dc\  ice  technique  with 
particle  si/e.  you  can  enhance  depo- 
sition. But  you  have  to  use  the  AKITA 
technique.  In  other  words,  if  you  make 
particles  larger,  say,  4-5  /xm,  a  COPD 
patient  doing  tidal  volume  breathing 
will  still  get  central  deposition  and 
more  oropharyngeal  deposition.  But 
with  the  AKITA  technique,  which  in- 
voKes  a  slow,  deep  breath,  if  you  use 
bigger  particles,  the  slow  breath  al- 
lows more  of  the  large  particles  to  get 
past  the  oropharynx,  at  least  in  adults: 
1  don't  know  about  in  children.  I  be- 
lieve they  have  data  and  my  slides 
showed  different  particle  sizes.  And  then 
you  enhance  the  peripheral  dept)sition. 
So  a  combination  of  those  principles 
leads  to  a  more  effective  delivery. 

Dolovich:  Geny,  could  you  add  to 
the  clinical  scenarios  for  improving 
deposition  and  comment  on  receptor- 
site  location  and  systemic  delivery? 
Do  we  know  where  these  drugs  are 
being  absorbed  in  the  lung?  Is  the  ab- 
sorption from  proximal  or  distal  air- 
ways? Should  drug  delivery  ap- 
proaches be  different  for  drugs 
targeted  at  the  lungs,  such  as  asthma 
drugs,  than  for  drugs  that  use  the  lung 
as  a  delisery  system'.' 

Snialdone:  That's  a  very  good  ques- 
tion. From  a  practical  point  of  view, 
there's  no  such  thing  as  an  ideal  drug 
deli\ery  system  for  all  uses.  For  ex- 
ample, the  interleukin-4  receptor 
study'  compared  the  PARI  LC  Star 
nebulizer  and  the  AERx.  The  PARI 
had  more  central  deposition.  Is  that 
/)(/(/'.'  For  asthma  it's  probably  better.  1 
don't  ha\e  all  the  data  from  their  clin- 
ical trials,  but  1  think  a  lot  of  their 
trials  were  done  with  the  PARI,  and 
their  preliminary  data  indicated  that 
the  drug  was  effecti\e.  There's  no  ev- 
idence that  the  drug  would  necessar- 
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ily  be  more  effective  if  deposited  pe- 
ripherui!) .  On  the  other  hand,  the  bio- 
availability of  insulin  is  better  v\ith 
peripheral  deposition. 

Regarding  the  mechanisms  of  drug 
transport.  I'm  not  an  expert,  anil  I  don'i 
even  know  if  it's  fully  know  n.  but  re- 
ceptor site  and  clinical  condition  are 
specific  to  the  clinical  condition.  As  a 
physician  you  choose  multiple  drugs 
to  treat  different  diseases,  and  some- 
times the  same  diseases  require  dif- 
ferent drugs  in  different  patients.  The 
same  applies  to  aerosol  delivery,  in 
that  you  have  to  know  something  about 
this  in  order  to  design  a  treatment  reg- 
imen for  a  patient.  Our  focus  has  to  be 
on  determining  how  physicians  should 
treat  their  patients. 
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Stenzler:  This  year  and  last  year  at 
the  American  Thoracic  Society  con- 
ference, the  group  from  Brompton 
Hospital  [London]  presented  data  on 
monodisperse  aerosols  of  1 .?.  3.  and  6 
ixm.  Interestingly  enough,  their  scin- 
tigraphy scans  showed  that  the  small 
particles  had  the  best  lung  distribution 
but  the  central  lung  deposition  with 
the  6-/xm  particles  had  the  best  clini- 
cal response." 
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Snialdone:  Right.  That  has  been 
looked  at  by  several  other  groups  as 
well,  over  the  last  10  years.  For  drugs 
such  as  bronchodilators  the  data  sug- 
gest that  central  deposition  is  a  plus. 
So.  again,  for  the  device  manufactur- 
ers, you  can't  generalize  in  terms  of 
one  device  for  every  situation. 
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Summary 

The  delivery  of  nebulized  drugs  is  poorly  controlled  and  the  choice  of  the  most  appropriate  delivery 
de\  ice  is  poorly  understood,  particularly  because  of  off-license  prescriptions  and  a  lack  of  evidence- 
based  medicine.  Standardized  in  vitro  methods  for  measuring  nebulizer  performance  have  been 
adopted  in  Europe,  by  the  2001  publication  of  a  European  Standard,  prEN13544-l.  These  stan- 
dardized methods  were  subsequently  incorporated  within  the  European  Respiratory  Society  neb- 
ulizer guidelines,  which  will  provide  clinicians  with  useful  information  to  improve  nebulizer  ther- 
apies. Standards  for  measuring  nebulizer  performance  should  be  considered  in  North  America  and 
elsewhere.  Careful  consideration  should  be  given  to  either  adopting  the  methods  embodied  in  the 
European  Standard  or  developing  the  basis  for  developing  that  standard  further  through  the 
International  Standards  Organization.  Either  way,  confusion  among  clinicians  would  be  reduced 
and  nebulizer  safety  and  aerosol  delivery  efficiency  increased  by  standardizing  in  vitro  methods  of 
nebulizer  performance  assessment.  Key  words:  nchiilizer.  nebulizcitioii.  aerosol,  siainlurd.  suuidard- 
izatiiui.  tcsliiii;.  Europe.  InternaiiDiud  .Standards  Orf^iinizalioit.  ISO.  Coniiie  Eiiropeen  dc  Nornialisalion. 
CEN.  in  vitro  assessment.     [Respir  Care  2()()2;47(  12):  I445-1435J 


Introduction 

Although  delivering  nebulized  drugs  to  the  lungs  has 
been  used  for  centuries  in  medical  research,  and  nebulizers 
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and  nebulizer  drugs  have  been  commercially  available 
throughout  the  past  century.'  the  delivery  of  nebulized 
drugs  is  still  poorly  controlled  and  poorly  understood  by 
the  clinical  community. 

Prescription  drugs  delivered  i)rall>.  intra\ent)usly.  and 
via  aerosol  inhalation  from  metered-dose  inhalers  and  dry 
powder  inhalers  undergo  clinical  trials  to  prove  the  drug's 
safety  and  efficacy.  This  is  not  the  case  with  the  many 
drugs  used  for  nebulization,  which  are  prescribed  off-li- 
cense and  bypass  regulatory  requirements.  Nebulizers  are 
regarded  as  cheap  and  convenient  plastic  devices  that 
readily  generate  an  aerosol  (Fig.  I )  that  uill  contain  what- 
ever drug  solutions  or  suspensions  arc  placed  in  them  for 
delivery  to  the  respiratory  tract.  Rarely  is  the  nebulizer 
delivery  device  specifietl  on  the  prescription.  Rather,  only 
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Fig.  1.  A  typical  jet  nebulizer,  showing  release  of  aerosol. 

the  drug  solution  volume  and  concentration  are  specified. 
This  lea\es  open  the  choice  of  nebulizer  by  which  to  de- 
li\er  the  off-license  drug  aerosol.  The  decision  of  what 
device  to  use  is  often  left  up  to  the  local  doctor  or  nurse, 
and  sometimes  even  a  hospital  clerk,  to  choose  whatever 
device  is  either  conveniently  to  hand  or  has  become  the 
hospital's  standard  nebulizer  for  that  period.  The  nebulizer 
is  often  chosen  with  little  or  no  objective  justification  other 
than  the  manufacturer's  performance  claims  or.  more  of- 
ten, simply  the  lower  cost  of  a  particular  nebulizer.  The 
reader  should  recognize  that  there  is  a  wide  range  of  per- 
formance among  nebulizers.  If,  say,  2  mL  of  a  given  drug 
solution  was  placed  into  all  available  nebulizers,  the  dose 
delivered  could  vary  greatly.-  The  lack  of  regulation  and 
understanding  in  matching  the  prescribed  drug  with  the 
nebulizer  implies  that  the  quality,  consistency,  and  control 
of  the  delivered  dose  are  poor. 

There  are  2  main  types  of  nebulizer,  jet  (or  pneumatic) 
and  ultrasonic,  which  have  different  operating  character- 
istics (recently  reviewed  by  Hess')  and  can  be  described  in 
terms  of  their  overall  performance  as  either  constant-out- 
|nit.  breath-enhanced,  or  dosimetric-  Each  nebulizer  brand 
has  specific  characteristics  that  determine  its  aerosol  out- 
put, including  total  rate  of  aerosol  output,  rate  of  aerosol 
delivered  to  the  patient,  dead  volume  (solution  remaining 
in  the  nebulizer  after  nebulization  has  ceased),  and  particle 
size  characteristics.  Some  nebulizers  are  most  efficient  at 
deli\cring  small  droplets  lo  (he  peripheral  lung,  some  nebu- 


lizers are  belter  suited  lo  deliver  larger  particles  in  the 
upper  airways,  and.  in  my  opinion,  some  nebulizers  are  not 
suited  to  drug  aerosol  delivery  at  all.  But  how  is  the  cli- 
nician to  know  which  nebulizer  to  use  for  which  patient? 
What  criteria  can  the  clinician  use  to  make  an  informed 
decision? 

Many  methods  have  been  described  to  measure  the  "per- 
formance" of  particular  nebulizer  designs.-*  "■  For  instance, 
measurement  of  aerosol  output  using  weight  loss  has  been 
undertaken  for  decades  and  is  still  commonly  used.  How- 
ever, weight  loss  measures  both  aerosol  output  and  evap- 
orated solvent,  and  evaporated  solvent  typically  accounts 
for  half  of  the  weight  loss  over  a  nebulization  period.  In 
some  pailicularly  inefficient  nebulizers,  evaporation  can 
account  for  more  than  159c  of  the  weight  loss."  Alterna- 
tively, total  aerosol  output  can  be  estimated  by  measuring 
the  amount  of  drug  solution  left  in  the  nebulizer  cup.  This 
method  can  provide  a  measure  of  the  total  drug  aerosol 
emitted  and  is  not  confounded  by  evaporative  losses,  but  it 
does  not  reflect  the  aerosol  delivered  to  the  patient,  as 
most  nebulizers  commonly  allow  inhalation  of  only 
40-70%  of  the  emitted  dose.  There  is  a  similar  problem 
with  methods  that  collect  all  emitted  aerosol  on  a  filter, 
followed  by  subsequent  analysis  of  the  filtered  residue. 
Though  all  these  methods  produce  data,  the  results  cannot 
reflect  the  in  vivo  situation.  This,  in  my  opinion,  makes 
them  weak  methods  on  which  to  base  a  nebulizer  standard, 
as  the  results  are  divorced  from  the  clinical  setting. 

Measuring  aerosol  particle  size  is  equally  confusing. 
Cascade  impactors.  which  are  commonly  used  to  measure 
aerosol  particle  size  from  metered-dose  inhalers  and  dry 
powder  inhalers,  can  drastically  distort  the  aerosol  size  by 
causing  full  evaporation  of  the  nebulized  aerosol.  Laser 
diffraction  (scattered  light)  size  measurement  of  aerosol 
droplets  cannot  take  into  account  droplet  e\  aporation,  which 
is  inherent  in  all  constant-output  aerosol  designs.  For  both 
aerosol  output  and  aerosol  droplet  size  many  different  re- 
sults are  possible  from  the  same  nebulizer,  depending  on 
the  measurement  method  used. 

The  relative  merits  of  the  various  methods  to  assess  in 
vitro  nebulizer  performance  have  been  debated  in  the  lit- 
erature for  decades,  often  by  individuals  or  small  groups 
with  greater  or  lesser  amounts  of  training  in  aerosol  and 
clinical  sciences.  From  all  the  different  views  one  common 
message  emerges,  namely  that  the  method  used  should 
reflect  the  amount  and  droplet  size  of  aerosol  received  by 
the  patient.^  In  other  words,  the  in  vitro  test  should  reflect 
the  in  vivo  dose  delivered.  However,  though  that  is  a  com- 
monly held  objective,  over  the  past  50  years  researchers 
have  not  naturally  regressed  to  a  commonly  accepted  neb- 
ulizer test  method.  And  because  nebulized  drugs  have  es- 
caped regulatory  control,  no  national  or  international  body 
had  been  commissioned  to  examine  the  science  and  pro- 
duce standard  methods.  Or  at  least  that  was  the  situation 
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until  the  early  lyyOs.  when  the  United  Kintitloni's  stan- 
dards body  made  the  first  attempt  at  standardi/iiis:  lost 
methods,  by  pubhshing  a  British  Standard.'*"  Though  the 
British  Standard  methods  had  hmitations  (Table  ! )  the 
existence  of  the  published  standard  became  a  focal  point 
for  debate  and  progress.  In  the  late  l^yOs  the  issue  of 
standardizing  in  vitro  methixis  to  assess  nebuli/er  perfor- 
mance was  tackled  more  comprehensively  by  the  Euro- 
pean Standards  Organization  (Comite  Europeen  de  Nor- 
malisation or  CEN).  culminating  in  the  research  and 
dcNclopment  of  new  nebulizer  in  vitro  test  methods  pub- 
lished as  a  European  Standard.'" 

The  present  review  summarizes  standardization  issues 
inherent  in  the  in  vitro  measurement  of  nebulizer  perfor- 
mance, describes  the  scientific  and  clinical  principles  un- 
derlying the  European  Standard,  introduces  the  principles 
underlying  the  clinical  nebulizer  guidelines  recently  pub- 
lished by  the  European  Respiratory  Society,  and  describes 
how  the  European  Respiratory  Society  adopted  the  stan- 
dard testing  methods  of  the  European  Standard. 

Standardization  Issues 

There  may  be  a  perception  that  "standardization"  could 
be  interpreted  as  making  things  the  same:  making  them  a 
standard  size,  shape,  color,  or.  in  the  case  of  nebulizers, 
similar  in  terms  of  performance,  as  measured  by  aerosol 
output  and  aerosol  droplet  size.  That  is  not  the  intended 
meaning  of  standardization  in  this  re\  iew. 

There  are  many  types,  designs,  and  brands  of  nebulizer, 
with  a  great  range  of  aerosol  output  and  droplet  size.  I 
regard  this  as  a  good  thing,  because  different  drug  solu- 
tions and  suspensions  are  targeted  to  different  parts  of  the 
airwavs.  in  different  doses.  Therefore  different  nebulizer 


designs  are  needed  for  different  patients  and  settings  (pe- 
diatric versus  adult,  intensive  care  versus  home  care),  with 
different  delivered  aerosol  doses  and  different  droplet  sizes 
required  for  different  patients  anil  Iherapies.  Thus  a  wide 
range  of  nebulizer  designs  and  perlormances  arc  needed, 
ideally  with  each  nebulizer  medication  being  matched  to  a 
particular  window  of  nebiilizer  performance.  However,  dif- 
ficulty arises  when  clinicians  are  faced  with  numerous 
devices  and  manufacturer  claims  of  performance  ch;iracter- 
istics.  How  should  a  clinician  make  the  choice  of  what  neb- 
ulizer system  is  best  suited  to  a  particular  patient  or  patient 
group  for  effective  delivery  of  a  particular  medicine? 

In  choosing  the  ideal  nebulizer  to  deliver  a  particular 
drug,  the  clinician  should  take  into  account  the  intended 
site  of  aerosol  deposition  (upper  and/or  lower  respiratory 
tract),  which  largely  deternunes  the  required  aerosol  drop- 
let size,  depending  on  the  patient's  age  and  disea.se  state. 
desired  dose,  treatment  time,  and  patient  compliance  with 
the  treatment.  In  addition,  cost  constraints  can  limit  the 
choice  of  nebulizer.  At  present  a  major  difficulty  is  that 
information  on  nebulizer  performance  is  not  presented  to 
the  clinician  in  any  meaningful  way. 

Information  on  nebulizer  output  and  aerosol  droplet  size 
can  be  entirely  absent  or  only  loosely  described  in  mar- 
keting jargon  (eg,  "best  performing  nebulizer,"  "clinically 
proven."  "preferred  by  over  9()'7f  of  users")  without  any 
scientific  justification  of  the  claims.  Of  course  not  all  neb- 
ulizer manufacturers  are  so  vague  in  describing  the  per- 
formance of  their  devices.  Many  manufacturers  actively 
promote,  or  at  least  have  available,  technical  literature  on 
their  devices.  However,  those  performance  data  can  be 
obtained  with  a  wide  variety  of  laboratory  methods.  How- 
ever well-informed  the  clinician,  performance  data  are  very 
dependent  on  the  method  by  which  they  were  obtained — so 


Table  1.       Strengths  and  Weaknesses  of  Britisli  Standard  771 1.  Part  ?:.  Specification  for  Gas-powered  Nebulizers  for  the  Delivery  of  Drugs 


Strenalhs 

First  formal  national  standard  relating  to  jet  nebulizers 

Adopted  a  chemical  tracer  rather  than  weight  loss  to 
evaluate  nebulizer  performance 


CfiinmenI 

Hocu.sed  attention  on  assessment  of  nebulizer  perlormance  and  pro\ided  a 

platform  for  debate  and  technical  research  and  development. 
Standard  practice  relied  on  weight  loss,  which  grossly  overestimated  true  aerosol 

output  because  of  concurrent  evaporation  to  compressed  and  ambient  air. 


Weaknesses 
No  use  of  breathing  pattern  in  assessing  inhaled 

aerosol 
Does  not  extend  to  ultrasonic  nebulizers 


Relies  on  laser  diffraction  to  estimate  particle  size 


Applies  laser  diffraction  to  size  a  "standing  cloud" 


This  is  particularly  important  for  assessing  the  perlormance  of  breath-enhanced 

and  dosimetric  nebulizer  designs. 
Modern  designs  of  ultrasonic  nebulizers  (eg.  Omron  nebulizer)  have  solved  many 

past  technical  limitations  and  are  expected  to  become  more  common  as  their 

advantages  are  recognized  in  the  health  care  market. 
Laser  sizing  takes  no  account  of  solute  concentrating  effects,  particularly  in  the 

smaller  particles,  and  provides  a  volume/size  ilistribution  invariably  larger  than 

the  solute  size  (dry  particles)  distribiiiioii.  v\,liich  is  of  far  greater  clinical 

relevance  and  interest. 
Nebulizer  aerosols  rapidly  evaporate  m  ambient  air.  such  as  the  air  entrained  over 

constant-output  nebulizers  or  through  breath-enhanced  nebulizers. 
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nuich  so  that  the  data  may  be  nieaniiiizless.  as  with  aerosol 
output  measured  by  weight  loss  or  solute  loss,  with  or 
without  breathing  simulation.  Yet  that  is  usually  the  only 
type  of  information  the  clinician  is  expected  to  use  in 
deciding  about  off-license  nebulization  of  a  drug.  It  is 
difficult  if  not  impossible  for  the  average  clinician,  who  is 
not  an  e.xpert  in  nebulizer  design  and  function,  to  make  an 
informed  decision  on  which  device  is  best  for  which  pa- 
tient. For  that  reason  the  focus  in  this  review  is  to  persuade 
the  reader  that  some  amount  of  standardization  of  in  vitro 
aerosol  measurement  methods  is  desirable.  Such  standard- 
ization would  provide  a  commonly  derived  data  set  for  all 
nebulizer  designs,  which  would  ( 1 )  be  more  easily  inter- 
preted than  the  type  of  data  currently  available.  (2)  help 
clinicians  determine  the  most  appropriate  nebulizers  for 
particular  patients  and  patient  groups,  and  (3)  improve 
patient  safety  and  aerosol  delivery  efficiency. 

At  the  risk  of  laboring  the  point  for  the  need  for  stan- 
dardizing nebulizer  performance  testing,  consider  the  fol- 
lowing analogy  with  the  automobile  industry.  Cars  come 
in  a  range  of  shapes  and  sizes  and  are  intended  for  differ- 
ent purposes.  Most  car  buyers  know  what  basic  design 
they  require,  but  choosing  the  exact  brand  and  model  can 
be  difficult.  Like  nebulizers,  the  manufacturer's  marketing 
information  is  invariably  biased  toward  its  own  product. 
Though  this  may  make  interesting  reading  for  the  enthu- 
siast, it  should  not  be  relied  upon  for  an  objective  decision. 
We  can  rely  on  reviews  by  experts  who  offer  their  opin- 
ions on  subtle  differences  between  models,  but  those  views 
are  individual  and  in\ariably  biased  by  previous  preju- 
dices and  current  affiliations.  Consider  the  information 
available  for  estimating  fuel  economy.  If  this  important 
performance  criterion  were  left  solely  up  to  the  manufac- 
tures to  provide,  they  would  no  doubt  as  an  industrial 
group  regress  to  making  the  measurement  starting  from 
the  top  of  a  mountain  with  a  tailwind  in  order  to  bias  the 
fuel  economy  figure  as  far  as  possible.  That  does  not  hap- 
pen because  standardized  test  methods  for  fuel  economy 
have  been  developed  to  gain  more  realistic  and  compara- 
ble data.  We  must  rely  on  objective  information  supplied 
by  standardized  methods  to  make  an  objective  and  fully 
informed  decision.  For  example,  data  on  trunk  (called 
"boot"  in  the  United  Kingdom)  space,  acceleration,  ser- 
vicing costs,  and  depreciation  are  independently  obtained. 
The  methods  for  obtaining  these  data  are  refined  to  be  as 
realistic  and  repeatable  as  practicable.  Data  that  prove  un- 
realistic are  of  little  use.  Methods  that  cannot  be  repeated 
arc  of  little  \alue.  What  is  true  for  the  automotive  industry 
and  marketplace  is  largely  true  for  the  nebulizer  industry 
and  marketplace. 

To  date  there  has  been  little,  if  any.  standardization  in 
the  nebulizer  industry  and  marketplace.  1  believe  the  in- 
dustry would  welcome  standardization,  as  would  most  cli- 
nicians and  iiehuli/er  users.  Slandaiili/ation  of  in  \  itro 


performance  measures  vvould  improve  patient  safety  and 
aerosol  delivery  efficiency,  and.  in  the  long  term,  stan- 
dardization can  help  provide  a  more  solid  foundation  for 
dexelopnient  of  better  nebulizer  technologies,  because  man- 
ufacturers will  know  that  the  marketplace  is  better  pre- 
pared to  recognize  and  appreciate  the  real  benefits  of  new 
technologies.  At  present  if  a  manufacturer  produced  a  bet- 
ter nebulizer,  how  would  the  clinician  know?  It  would  just 
be  absorbed  into  the  marketplace  as  yet  another  "best  per- 
formance" nebulizer  claim,  with  perhaps  a  few  supporting 
papers  written  by  individuals  with  personal  bias  and  affil- 
iation. It  is  for  these  reasons  that  some  standardization  is 
required. 

European  Nebulizer  Standard 

The  European  Standard  developed  over  a  period  of  6 
years,  involving  all  European  national  standards  bodies 
(eg.  United  Kingdom's  British  Standards  Institution.  Neth- 
erlands Organization  for  Applied  Scientific  Research) 
working  within  CEN.  the  European  umbrella  organization. 
Most  scientists  and  clinicians  with  a  serious  interest  in 
nebulizer  testing  and  clinical  application  were  involved, 
either  directly  or  indirectly.  For  the  first  time,  a  critical 
mass  of  clinical  and  scientific  experts  were  brought  to- 
gether to  focus  on  how  best  to  standardize  the  measure- 
ment of  nebulizer  performance.  Though  the  European  Stan- 
dard on  nebulizers  addresses  a  number  of  regulatory  issues, 
most  are  beyond  the  scope  of  the  present  review.  What  is 
important  here  is  that  the  European  Standard  facilitated  the 
development  of  in  vitro  testing  methodologies  that  were 
thoroughly  discussed  and  evaluated  prior  to  acceptance  by 
the  European  clinical  and  scientific  aerosol  community. 
Aspects  of  the  European  Standard  have  been  described 
elsewhere."  Some  of  the  more  important  principles  are 
introduced  and  summarized  below. 

Nebulizer  Versus  Nebulizer  System 

The  European  Standard  recognizes  that  different  nebu- 
lizers will  deliver  different  doses  of  drug  to  the  same  pa- 
tient, even  if  all  conditions  such  as  breathing  pattern  and 
nebulizer  fill  \iilume  are  controlled.  This  is  because  some 
nebulizers  are  inherently  more  efficient  than  others.  For 
example,  consider  the  most  ccimmon  nebulizer  design,  the 
constant-output  nebulizer,  which  probably  accounts  for 
more  than  70%  of  the  nebulizers  in  home  and  hospital  use 
today.  A  constant-output  nebulizer  emits  aerosol  at  a  con- 
stant rate  until  the  \olume  of  drug  solution  in  the  nebulizer 
cup  is  so  small  that  nebulization  ceases.  The  rate  of  aerosol 
output  is  constant,  regardless  of  whether  the  patient  is 
inhaling,  brealh-hokling.  or  exhaling.  This  implies  that  for 
at  least  half  the  duration  of  operation  the  nebulizer  is  emit- 
ting aerosol  mill  ihc  ambient  air.  Not  only  is  this  extremely 
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wasteful,  it  is  an  important  sinncc  ol  an'  pollution.  Breath- 
enhanced  nebulizers,  on  the  other  hand,  release  more  aero- 
sol during  patient  inhalation  than  during  breath-hokl  or 
exhalation  and  thus  are  inherently  more  efficient.  Dosi- 
metric nebulizers  are  the  most  efficient  because  (at  least  in 
theory)  aerosol  is  released  only  during  inhalation,  so  the 
entire  emitted  dose  is  delivered  to  the  patient. 

However,  it  is  not  only  the  nebulizer  design  that  is 
important  in  determining  the  performance  of  the  nebulizer; 
the  characteristics  of  the  nebulizer  itself  can  be  critically 
important.  With  a  jet  nebulizer  the  greater  the  flow  of 
compressed  air  through  the  nebulizer,  in  general,  the  greater 
the  aerosol  output  and.  usually,  the  smaller  the  particle 
size.  So  the  compressor  is  an  integral  part  of  the  nebulizer 
system.  Another  important  aspect  of  the  nebulizer  system 
is  the  design  and  use  of  the  mouthpiece  (eg.  whether  the 
mouthpiece  is  valved  for  exhalation),  which  can  signifi- 
cantly influence  the  quantity  and  quality  of  aerosol  deliv- 
ered to  the  patient.  Alternati\  ely.  the  mouthpiece  might  be 
replaced  by  a  face  mask,  which  can  greatly  reduce  the 
amount  of  drug  effecti\ely  deli\ ered  to  the  patient. 

The  European  Standard  recognizes  the  importance  of 
the  nebulizer  system  rather  than  simply  the  nebulizer  itself. 
For  this  reason  the  European  Standard  specifies  that  neb- 
ulizer manufacturers  should  test  performance  of  the  neb- 
ulizer system  as  they  intend  it  to  be  used.  So.  for  example, 
if  a  nebulizer  manufacturer  sells  a  nebulizer  sometimes 
with  a  mouthpiece  and  sometimes  with  a  face  mask,  both 
of  those  2  nebulizer  systems  need  to  be  tested  for  aerosol 
output  and  size.  Similarh  if  the  nebulizer  is  recommended 
for  use  with  various  compressed  air  flows,  the  manufac- 
turer is  required  to  test  each  nebulizer  system  with  the 
range  of  recommended  air  flows — the  minimum,  maxi- 
mum, and  typical  average  flow.  This  requirement  to  test 
each  permutation  can  impose  a  substantial  range  of  testing 
variables,  but  each  permutation  relates  to  a  specific  clini- 
cal condition  of  use  to  which  the  manufacturer  is  targeting 
the  nebulizer  product.  Adoption  of  a  nebulizer  system  con- 
cept will  dissuade  manufacturers  or  researchers  from  pub- 
lishing performance  information  without  also  making  ref- 
erence to  the  system  in  which  it  was  tested. 

The  European  Standard  does  not  require  testing  all  neb- 
ulizer designs  for  their  ability  to  nebulize  all  drugs.  Most 
commonly  prescribed  nebulizer  drugs  are  in  aqueous  so- 
lutions that  also  contain  excipients  and  usually  some  con- 
centration of  sodium  chloride.  Some  formulations  are  sus- 
pensions, with  small,  nearly  colloidal  solid  particles  within 
an  aqueous  solution,  usually  with  excipients  and  sodium 
chloride.  Most  formulations  intended  for  nebulization  (by 
design  or  prescribed  off-license)  behave  much  like  a  sim- 
ple salt  solution,  though  admittedly  a  few  drug  solutions 
and  suspensions  do  not  because  they  are  either  extremely 
viscous,  froth,  or  foam  during  nebulization,  or  have  some 
other  ph)  sical  characteristic  that  causes  atypical  behavior. 


However,  those  are  the  exception.  The  liuropean  Standard 
recognizes  that  testing  all  forms  of  drug  solutions  and 
suspensions  with  all  of  the  nebulizer  systems  combina- 
tions would  be  unreasonably  burdensome.  The  practice 
adopted  within  the  European  Standard  was  to  use  a  single 
test  solution  for  all  nebulizer  system  permutations.  The 
solution  adopted  was  a  low  concentration  of  sodium  flu- 
oride, which  was  chosen  because:  it  has  similar  properties 
to  sodium  chloride,  which  is  commonly  used  in  nebulizer 
drug  formulations;  it  is  relatively  rare  in  most  laboratory 
environments,  so  contamination  from  other  sources  is  min- 
imized; and  electrochemical  analysis  of  sodium  fluoride 
concentration  (using  a  method  similar  to  pH  measurement) 
is  relatively  simple,  low-cost,  and  sufficiently  analytically 
sensitive. 

Measuring  Aerosol  Output  and  Aerosol  Droplet  Size 
Using  the  Methods  in  the  European  Standard 

In  vitro  assessment  of  nebulizer  output  has  been  poorly 
understood  and  characterized,  and  numerous  methods  have 
been  described  to  estimate  output.  Recently,  a  European 
Standard  was  published  and  is  believed  to  contain  methods 
for  reproducible  and  robust  in  vitro  measurement  of  neb- 
ulizer aerosol  output  and  droplet  size. 

Aerosol  Output 

Figure  2  illustrates  the  European  Standard  methodology 
for  measuring  aerosol  output.  The  nebulizer  system  is  at- 
tached to  a  breathing  simulation  device.  A  low-resistance 
electrostatic  filter  (simulating  the  patient)  is  placed  be- 
tween the  breathing  simulation  device  and  the  nebulizer 
system.  The  intention  is  that  aerosol  collected  on  that  filter 
represents  aerosol  delivered  to  the  patient  under  clinical 
conditions.  The  standard  breathing  cycle  is  a  simple  sinus 
flow  pattern  of  15  cycles  per  minute  and  500  niL  per  cycle. 
This  pattern  was  adopted  because  it  is  relatively  simple  to 
simulate  and  reproduce.  Other  breathing  patterns  were  con- 
sidered (eg.  square  waves,  various  inspiratory/expiratory 
ratios),  but  none  was  thought  more  appropriate  as  a  single 
measure  than  the  simple  sinus  flow  pattern.  Though  this 
pattern  is  specifically  defined  in  the  European  Standard, 
the  methods  used  can  be  adapted  to  virtually  any  other 
breathing  pattern.  Whatever  the  breathing  pattern,  the  neb- 
ulizer is  filled  with  a  volume  of  test  liquid  that  contains  a 
trace  amount  {]%)  of  sodium  fluoride.  With  the  breath 
simulation  device  running  and  an  electrostatic  filter  in  place, 
any  aerosol  generated  by  the  nebulizer  system  that  is  drawn 
into  the  breathing  system  (the  analogy  of  being  inhaled  by 
a  patient)  is  collected  on  the  filter.  The  fiuoride  residue  on 
the  filter  can  then  be  c|iiantif'ied. 
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Fig.  2.  Schematic  of  Comite  Europeen  de  Normalisation  (CEN)  mettiodoiogy  to  measure  nebulizer  aerosol  output.  Aerosol  output  is 
subjected  to  sinus  flow  breathing  simulation,  and  the  aerosol  is  collected  onto  low-resistance  electrostatic  filters.  The  aerosol  contains  trace 
concentrations  of  sodium  fluoride,  which  is  quantified  electrochemically.  rpm  =  respirations  per  minute.  (Adapted  from  Reference  12.) 
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Fig.  3.  Schematic  of  Comite  Europeen  de  Normalisation  (CEN)  methodology  to  measure  nebulizer  aerosol  particle  size.  A  constant  inhalation 
of  15  L/min  is  drawn  over  (or  through)  the  nebulizer.  The  nebulized  solution  contains  sodium  fluoride  (NaF).  The  aerosol  mixes  with  the 
entrained  air.  A  2  L/min  flow  is  drawn  off  into  a  low-flow  cascade  impactor  to  sample  the  aerosol.  The  aerosol  captured  in  the  cascade 
impactor  is  analyzed  for  each  size  fraction,  from  which  the  normative  and  cumulative  particle  size  distributions  are  denved.  (Adapted  from 
Reference  12.) 


Aerosol  Particle  Size 

Figure  3  illustrates  the  European  Standard  methodology 
for  measuring  aerosol  particle  si/e.  A  low-now  cascade 
impactor  is  placed  in  line  with  the  nebuli/er  system.  The 
nebulized  tluid  contains  a  trace  (2.5%)  of  sodium  fluoride. 
Instead  of  usiny  Ihc  dynamic  air  flow  pattern  of  a  breath- 


ing machine,  a  constant  simulated  inhalation  How  of  LS 
L/nnn  is  applied,  which  is  thought  {o  represent  a  typical 
mid-inhalation  How  rate.  The  cascade  impactor  s;imples  a 
2  L/min  (2/1.'))  traction  of  the  total  tlow.  The  aerosol  drop- 
lets deposit  according  to  si/e  in  the  stages  of  the  cascade 
impactor.  anil  the  amount  of  fluoride  residue  on  each  stage 
is  quanlified.  Tabic  2  presents  a  sample  set  of  cascade 
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impaclor  data,  from  winch  arc  dcrivccl  cumulative  and  nor- 
mative size  distributions  such  as  those  depicted  in  ligurc  4. 


Clinical  Relevance  of  the  Euntpean  Standard 
in  Vitro  Methods 

It  is  not  isnown  how  well  the  cunently  drafted  CEN  test 
conditions  will  predict  clinical  performance.  This  can  only 
be  established  once  an  appropriate  study  has  compared  in 
vitro  output  and  droplet  size  measurements  against  in  vivo 
lung  deposition  with  a  variety  of  ncbuH/ers.  However,  the 
European  Standard  in  vitro  methods  were  developed  with 
the  agreement  of  a  number  of  leading  nebulizer  aerosol 
scientists  and  clinicians  in  Europe  and  were  tailored  to 
meet  the  needs  of  type  testing  within  a  European  Standard 
and  to  be  as  clinically  relevant  as  practicable.  Preliminary 
work''  relating  draft  in  vitro  methods  in  the  European 
Standard  to  in  vivo  measures  of  aerosol  deposition  seem 
promising  (Fig.  5),  though  more  research  is  needed.  If  the 
European  Standard  in  vitro  methodology  provides  good 
estimates  of  in  vivo  deposition,  then  the  in  vitro  methods 
could  be  used  to  guide  clinicians  in  choosing  the  nebulizer 
system  best  suited  for  a  specific  patient  group.  If  the  in 
vitro/in  vivo  correlation  is  poor,  then  the  in  vitro  methods 
can  be  examined  and  modified  in  subsequent  standards  to 
provide  a  more  clinically  representative  measure  of  neb- 
ulizer output. 

European  Respiratory  Society  Guidelines 
on  the  Use  of  Nebulizers 

The  in  vitro  methods  in  the  European  Standard  are  al- 
ready being  used  to  improve  clinical  practice.  To  appre- 
ciate the  advantages  of  standardizing  in  vitro  measurement 
of  nebulizer  performance,  the  following  section  introduces 
and  describes  basic  principles  underlying  the  clinical  neb- 
ulizer guidelines  recently  introduced  by  the  European  Re- 
spiratory Society  (ERS). 

The  ERS  commissioned  a  task  force  in  the  mid-1990s  to 
review  the  scientific  and  clinical  principles  of  nebulizer 
therapy  and  to  produce  a  set  of  guidelines  (evidence-based 
whenever  possible)  to  improve  clinical  nebulizer  use 
throughout  Europe.  The  task  force  held  ^  interactive  work- 
shops, each  with  some  25  in\  ited  experts  from  throughout 
the  nebulizer  field,  and  the  ERS  Guidelines  were  pub- 
lished in  2(K)  I.' ^^ 

The  mo.st  important  aim  of  the  guidelines  was  to  in- 
crease efficacy  and  patient  safety  by  recommending  sys- 
tems by  which  nebulizers  could  be  chosen  and  used.  The 
guidelines  were  aimed  at  a  wide  variety  of  health  care 
professionals  practicing  in  \eiy  dilfeicnt  health  care  sys- 
tems throughout  Europe.  Though  the  immediate  target  au- 
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Drug  sample  A1 


Dp  (Mm) 


100 


Fig.  4.  Cumulative  and  normative  distribution  curves  obtained  from  sample  aerosol  particle  size  data  in  Table  2.  The  mass  median 
aerodynamic  diameter  is  the  particle  size  (in  ixm)  obtained  at  the  50%  cumulative  undersize.  Dp  =  particle  diameter,  cone  =  concentration. 
(Courtesy  of  Cora  A  Pieron  PhD.) 


dience  was  pulnmnary  physicians,  the  message  was  also 
aimed  at  all  health  care  workers  who  are  involved  in  de- 
livering nebulizer  treatments.  The  guidelines  provided  rec- 
ommendations based  on  scientific  and  clinical  evidence, 
and  identified  areas  of  ignorance  where  present  practice  is 
based  on  tradition  or  opinion  rather  than  on  scientific  ev- 
idence. It  was  also  hoped  that  by  identifying  gaps  in  present 
knowledge  the  guidelines  would  spur  clinical  scientists  to 
undertake  new  trials  to  guide  future  practice.  Full  details 
of  the  background  of  the  guidelines  can  be  found  in  pub- 
lished supplements  from  the  technical  '-•  and  clinical  '"^  work- 
shops and  in  the  ERS  Guidelines.'^ 

For  the  present  discussion  the  most  important  part  of  the 
ERS  Guidelines  is  their  technical  reliance  on  the  methods 
in  the  European  Standard,  which  offer,  for  the  first  time, 
the  oppi)rtuiiity  to  obtain  a  set  of  aerosol  output  data  for 
each  nebulizer  sold  in  the  European  market — a  compre- 
hensive data  set  commonly  derived  from  standardized  in 
vitro  methods.  Hopefully  each  set  of  nebulizer  performance 
data  will  closely  retlect  the  in  vivo  performance.  Further, 
the  ERS  clinical  guidelines  have  adopted  the  distinction  in 
the  European  Standard  regarding  the  difference  between  a 
nebulizer  and  a  nebulizer  system,  and  the  ERS  clinical 
guidelines  rely  on  data  obtained  from  complete  nebulizer 
systems. 

The  availability  olcliincall\  reiiresentali\c  in  vitro  meth 
ods  has  led  to  the  establishment  and  implementation  of 
standard  operating  practices  as  a  means  of  improving  the 
efficacy  of  nebulizer  therapy.  These  standard  operating 
practices  are  embodicti  in  Ihe  I'RS  clinical  guidelines  and 
are  described  below. 


Type  Testing  Using  the  European  Standard 

Nebulizer  manufacturers  in  Europe  are  now  required  to 
test  each  of  their  nebulizer  systems  with  a  reference  solu- 
tion according  to  the  European  Standard.  This  will  result 
in  standardized  information  being  supplied  with  every  neb- 
ulizer. This  information  will  include: 

1.  Description  of  the  nebulizer  system,  including  the 
flow  rates  and  fill  volumes  tested 

2.  Rate  of  aerosol  output  and  total  aerosol  output 

3.  Droplet  size  distribution  curve,  from  which  can  be 
obtained  the  median  droplet  size,  droplet  geometric  stan- 
dard deviation,  and  percentage  of  aerosol  mass  within  any 
given  range  (ie.  >  5  jam.  2-5  jam.  <  2  jam) 

As  mentioned  above,  the  in  vitro  methods  on  which  the 
European  Standard  is  based  are  designed  to  reflect  clinical 
conditions  as  closely  as  possible.  The  consistency  of  meth- 
ods to  obtain  this  in  vitro  information  through  the  Euro- 
pean Standard  will  essentially  provide  a  type  test  of  each 
nebulizer  system,  which  will  allow  meaningful  compari- 
son of  the  performance  of  the  various  nebulizer  systeins 
and  thus  guide  the  optimal  choice  and  use  of  those  systems 
in  clinical  practice. 

There  are  some  important  limitations  in  interpreting  test 
data  supplied  by  manufacturers  complying  with  the  Euro- 
pean Standard.  The  first  is  that  the  data  relate  only  to  drug 
solutions  that  have  properties  similar  to  saline.  Test  data 
cannot  be  readily  extrapolated  to  suspensions  (eg.  budes- 
onide)  or  to  solutions  that  have  substantially  greater  vis- 
cosity than  saline  (eg.  some  antibiotics).  The  second  is  that 
the  rates  and  amounts  of  aerosol  delivery  arc  obtained  with 
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Fig.  5.  In-vitro  nebulizer  performance  measured  with  European  Standard  method  (amount  of  salbutamol  available  for  inhalation:  X  axis) 
versus  in-vivo  deposition  (Y  axis)  (measured  by  urinary  salbutamol  and  metabolized  sulphate  ester  conjugate  excreted  0-24  h  following 
inhalation)  with  8  nebulizer  systems).  Y  =  0.44X  +  29.44,  r  =  0.94,  n  =  8.  Nebulizer  systems:  Microneb  II  chamber  attached  to  a  Medic 
AC-2000  compressor  using:  2.5  mL  fill  volume  (MN-2.5  mL),  4-mL  fill  volume  (MN-4  mL),  6-mL  fill  volume  (MN-6  mL),  and  2.5  mL  fill  volume 
for  5  min  (MN-5  mm);  PARI  LC  Plus  with  chamber  using  a  2.5  mL  fill  volume  (PARI  LC  Plus)  with  a  PARI  Boy  compressor;  La  Diffusion 
Technique  chamber  with  2.5  mL  fill  volume  with  an  Atomiser  Synchrone  compressor  (NLS2);  Sonic  2000  ultrasonic  nebulizer  using  a  2.5 
mL  fill  volume  (Sonix  2000).  (Modified  from  Reference  13,  with  permission.) 


a  simulated  adult  healthy  breathing  pattern,  and  tho.se  data 
cannot  be  readily  applied  to  pediatric  applications  or  dis- 
eased adults.  The  test  methods  adopted  within  the  Euro- 
pean Standard  are  sufficiently  flexible  to  accommodate 
additional  test  configurations. 


Characteristics  of  "Good"  and 
Nebulizer  Systems 


Bad" 


Nebulizer  systems  offer  a  wide  range  of  performance, 
and  how  "good"  or  "bad"  a  system  is  depends  on  what  it 
IS  intended  to  do.  For  example,  if  a  system  were  required 
to  deliver  the  maximiun  amount  of  useful  aerosol  (droplets 
between  0.5  and  5  /xm)  in  the  minimum  amount  of  time, 
with  a  minimum  of  inconvenience,  then  the  characteristics 
of  a  "good"  system  would  include: 

1.  Fast  nebulization  rate,  implying  that  the  maximum 
amount  of  nebulized  aerosol  is  potentially  available  to  the 
patient  over  any  given  time 

2.  Minimum  waste  of  drug  aerosol,  implying  that  max- 
imum amount  of  aerosol  is  delivered  to  the  patient  and  as 
little  as  possible  is  einitted  to  the  environment 

3.  Low  dead  volume,  implying  that  a  high  percentage  of 
the  fill  volume  will  be  delivered  to  the  patient 

4.  Well-defined  droplet  size  distribution 

If,  however,  the  same  system  were  required  to  deliver 
only  a  modest  volume  of  drug  aerosol,  then  the  system 
above  becomes  "bad"  because  such  an  efficient  svstem 


will  deliver  an  unnecessarily  large  aerosol  dose,  with  pos- 
sible increased  local  and  systemic  adverse  effects. 

The  ERS  Guidelines  recognize  that  consideration  must 
be  given  to  matching  nebulizer  drug  delivery  to  the  per- 
formance of  nebulizer  systems.  This  requirement  varies 
according  to  the  needs  of  different  patient  groups  and  stages 
of  disease.  The  2  main  factors  to  take  into  account  are; 

1.  How  much  nebulized  drug  is  ideally  required  for 
delivery  to  the  patient?  and 

2.  The  droplet  si/e  required  to  maximize  delivery  to  the 
intended  site  of  action.  Droplets  ■=*;  5  ju,m  lend  to  deposit 
peripherally,  whereas  droplets  around  .5  /nm  will  mainly 
deposit  in  central  airways. 

The  ERS  Guidelines  recognize  that  little  clinical  evi- 
dence exists  to  answer  the.se  questions,  and  it  is  therefore 
difficult  to  choose  the  ideal  nebulizer  system  for  a  given 
application.  So  the  Guidelines  recommend  that  a  scheme 
be  developed  to  define  the  best  available  nebulizer  sys- 
tems for  various  therapies,  to  reduce  variability  in  nebu- 
lized dose  delivery,  and  thereby  improve  clinical  practice. 

How  to  .Select  the  Optimal  System 
for  a  Given  Patient  Group  or  Specific  Use 

All  health  care  systems  throughout  Europe  currently 
have  some  system  by  which  nebulizer  drugs  are  prescribed 
tor  each  clinical  application.  In  addition,  all  picscribers 
and  users  of  nebuli/er  drugs  will  conuiionly  have  experi- 
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ence  using  one  or  more  nebuli/L-r  systems  for  each  clinical 
application.  Local  practices  will  differ  greatly,  possibly 
even  within  an  institution.  Therefore  the  ERS  Nebulizer 
Guidelines  reconiniend  that  a  standard  operating  practice 
be  adopted  for  each  nebulizer  sy.stem  in  use.  This  would 
provide  a  baseline  in  determining  the  clinical  effectiveness 
of  each  nebuli/er  sn stem  for  each  gi\en  application.  That 
information  could  then  be  used  to  assess  potential  im- 
provements to  the  nebulizer  system. 

Implementation  and  Use  of  Standard  Operating 

Practice  As  a  Means  to  Improve  the  Efficacy 

of  Nebulizer  Therapy 

Standardize  the  Way  Current  Nebulizer  Systems 
Are  Used 

If  health  practitioners  can  agree  on  a  standard  operating 
practice  for  the  way  in  which  nebulizer  systems  are  used 
locally,  then  they  can  be  sure  that  future  clinical  outcomes 
are  patient-specific,  rather  than  due  to  a  change  in  drug 
output  from  the  nebulizer.  Nebulizer  manufacturers  can 
provide  advice  on  the  optimal  operation  of  particular  neb- 
ulizer systems. 

Assess  Drug  Output  from  the  Current 
Nebulizer  System 

The  scarcity  of  useful  in  vitro  data  describing  nebulizer 
system  performance  has  perhaps  contributed  to  arbitrary 
choices  of  nebulizer  systems.  However,  the  standardiza- 
tion of  nebulizer  aerosol  output  and  droplet  size  measure- 
ments made  possible  by  the  European  Standard  allows  any 
given  standard  operating  practice  to  be  reassessed.  For  a 
specific  clinical  application  the  standard  operating  practice 
can  be  used  in  conjunction  with  data  from  the  manufac- 
turer to  derive  the  dose  delivered  by  that  standard  operat- 
ing practice.  That  dose  can  be  the  total  output,  or  it  can  be 
modified  by  the  fraction  of  the  aerosol  in  the  optimal  size 
range  to  determine  a  "useful"  dose.  If  appropriate,  one 
should  also  consider  the  potential  systemic  exposure  from 
droplets  not  in  the  "useful"  range,  either  by  being  too  large 
and  therefore  depositing  in  the  oropharynx,  or  by  depos- 
iting in  an  inappropriate  region  of  the  lung  and  thus  being 
directly  absorbed  into  the  systemic  circulation  and  provid- 
ing minimal  local  efficacy.  Based  on  this  approach,  stan- 
dard operating  practices  can  be  reassessed  to  see  whether 
drug  deli\ery  can  be  further  optimized  by  a  change  in  one 
of  the  operating  variables  (eg.  gas  flow ). 

Evahiatc  .\lternative  Nebulizer  Systems 

This  information  can  be  re-evaluated  over  time,  as  more 

efficient  or  cheaper  nebuli/ers  emerge.  Consideration  can 


then  be  given  to  altering  prescription  consention  and/or 
adopting  alternative  nebulizer  systems  whose  nominal  de- 
livered dose  and  droplet  size  (the  standardized  in  vitro  data 
from  the  manufacturer)  are  suited  to  a  given  clinical  ap- 
plication. However,  as  with  standardizing  the  way  current 
nebulizer  systems  are  used,  substantial  changes  to  standard 
operating  practice  should  be  monitored  by  appropriate  fol- 
low-up of  outcomes  such  as  clinical  benefits  and  adserse 
effects. 

Future  Developments  in  Nebulized  Drug  Delivery 

The  task  force  drafting  the  ERS  Guidelines  anticipated 
that  technical  advances  would  drive  improvements  in  neb- 
ulizer design.  These  performance  advancements  are  being 
embodied  in  the  next  generation  of  nebulizers,"'  which  are 
beginning  to  enter  the  market  and  will  compete  w  ith  more 
traditional  jet  and  ultrasonic  nebulizers.  At  the  very  least 
these  new  devices  will  offer  substantial  improvements  in 
aerosol  delivery  efficiency.  Though  these  systems  can  im- 
prove the  quality  of  nebulizer  therapy,  there  are  risks  if 
they  are  adopted  with  insufficient  consideration  of  the  con- 
sequences of  efficiency  improvements.  However,  if  local 
practices  adopt  the  above  recommendations  of  instituting 
and  reviewing  standard  operating  practices,  new  and  im- 
prosed  nebulizer  therapies  could  be  safely  integrated  with 
net  benefits  to  patients.  It  is  likely  that  nev\er.  more  effi- 
cient systems  will  deliver  inhaled  drugs  more  effecti\ely 
and  thus  reduce  the  waste  and  the  cost  associated  with 
inefficient  systems.  Clearly,  standardization  in  measuring 
in  vitro  performance  is  required  to  safely  make  use  of 
these  new  nebulizer  technologies. 

Summary 

Standardization  of  in  vitro  methods  for  measuring  neb- 
ulizer performance  would  greatly  reduce  confusion  and 
improve  safety  and  efficacy  of  nebulizer  therapy.  The  re- 
cently published  European  standard  specifies  in  \  itro  meth- 
ods for  measuring  and  reporting  nebulizer  performance, 
and  the  data  are  expected  to  closely  correlate  with  in  vivo 
measurements  of  delivered  dose  and  droplet  size.  The  in- 
dependent de\elopment  of  the  ERS  Guidelines  took  ad- 
vantage of  the  European  Standard  and  relied  on  the  in  vitro 
measurement  methods  therein  to  de\elop  and  recommend 
a  common-sense  strategy  to  improve  clinical  practice  of 
nebulizer  therapy  throughout  Europe. 

Both  the  European  Standard  and  ERS  Guidelines  are.  by 
definition,  intended  to  intluence  and  impro\e  the  standard 
of  nebulizer  therapy  in  Europe.  In  practice,  the  in  \itro 
methods  described  are  iniixersal,  as  are  the  recommenda- 
tions to  improve  clinical  practice.  M\  final  words  to  read- 
ers of  Respiratory  Care  in  North  America  and  elsewhere 
outside  Europe  are  that  the  standardization  issues  that  ha\e 
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been  tackled  in  ELiixipe  are  uni\ersal  and  appi)  equally  in 
North  America.  If  there  is  no  got)d  reason  to  adopt  alter- 
nati\e in \ilro  methods  t'orassessing  iiebiili/erpert'ormance. 
then  the  methods  in  the  European  Standard  can  be  adopted 
in  North  America  or  perhaps  even  by  the  International 
Standards  Organization.  This  evolution  would  allow  tor 
any  required  changes  and  improvements  to  the  European 
in  vitro  assessment  methods  that  might  become  evident. 

Some  standardization  in  assessing  in  \  itro  nebulizer  per- 
formance in  North  America  is  inevitable  and  required. 
However,  the  nebulizer  manufacturing  industry  is  very 
small  in  comparison  to  the  pharmaceutical  industry  and 
can  ill-afford  a  plethora  of  testing  regimens.  In  my  opinion 
there  should  be  only  one  recognized  standard  for  in  vitro 
assessment  of  nebulizer  aerosol.  Developing  a  separate 
standard  set  of  in  vitro  methods  for  North  America  defeats 
the  purpose  and  would  only  serve  to  confuse  the  issues.  I 
e.xpect  that  the  North  American  standards  bodies  will  look 
closely  at  the  methods  adopted  in  Europe,  and  they  should 
consider  2  options: 

1.  The  in  vitro  methods  accepted  in  Europe  could  sim- 
ply be  adopted  in  their  entirety  in  North  America,  or 

2.  If  fundamental  problems  are  discovered  with  the  Eu- 
ropean methods,  or  alternative  methods  are  found  to  be 
more  closely  correlated  with  in  vivo  response,  then  a  di- 
alogue and  cooperation  among  interested  organizations  in 
North  America,  Europe,  and  elsewhere  could  build  a  new 
.set  of  methods  in  an  international  standard. 

Either  way.  a  single  set  of  in  vitro  methods  would  result. 
which  could  be  used  in  the  absence  of  clinical  trials  to 
guide  clinicians  in  choosing  appropriate  nebulizer  systems. 

The  worst-ca.se  scenario  would  be  that  different  in  vitro 
testing  methods  (that  yield  different  results  for  different 
nebulizer  systems)  be  adopted  in  different  countries.  This 
would  act  to  retard  progress  and  increase  confusion,  and 
therefore  must  be  avoided. 

At  present  it  is  difficult  if  not  impossible  to  meaning- 
fully compare  in  v  itro  nebulizer  performance  data  because 
of  confusion  about  methodology  and  nebulizer  operation. 
If  a  single  in  vitro  measurement  method  such  as  the  CEN 
standard  were  widely  adopted,  then  nebulizer  output  data 
from  different  nebulizer  systems  could  be  meaningfully 
compared  and  evaluated. 
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Discussion 

O'Riordan:  I  certainly  agree  with 
you  that  these  European  standards  are 
much  more  sophisticated  than  any- 
thing that's  gone  before,  but  neverthe- 
less I  want  to  sound  a  note  of  caution, 
which  is  that  when  we  look  at  lunc 


modeling  data  for  aerosol  deposition, 
we're  relying  on  the  work  of  investi- 
gators who  use  monodisperse  solid 
particles  in  healthy  individuals.  With 
nebulizers  we're  usually  dealing  with 
unstable,  polydisperse,  aqueous  aero- 
sols in  people  with  diseased  lungs.  We 
therefore  don't  reallv  have  a  iireat  way 


of  linking  in  vitro  to  in  vivo  data,  so  I 
think  we  should  use  the  standards  to 
work  backward. 

For  example,  let's  say  you  do  a  study 
of  cystic  fibrosis  and  you  prove  that  a 
particular  dose  of  tobramycin  is  safe 
and  effective.  Then  if  thai  nebulizer 
becomes    unavailable,    voti    can    use 


Respiratory  Care  •  December  2002  Vol  47  No  1 2 


1455 


Standardization  Issues:  In  Vitro  Assessment  of  Nebulizer  Performance 


those  data  to  find  anebuli/er  that  is  as 
close  as  possible  to  the  iiebuli/er  that 
was  used  in  clinical  trials,  assuniinLi 
that  you'll  get  comparable  safety  and 
efficac).  Its  much  more  risky  to  use 
the  standards  as  absolutes,  in  such  a 
manner  that  someone  may  claim. 
"Well.  I've  just  designed  a  nebulizer, 
and  it"s  got  this  particle  size  and  this 
output,  and  therefore  it's  better  than 
the  one  that  was  used  in  the  original 
clinical  trial."  That's  a  big  assump- 
tion. I  think  we  should  play  it  safe  and 
try  to  duplicate  the  nebulizer  that  had 
been  used  in  clinical  trials,  because  at 
least  we  know  the  safety  and  we  know 
the  efficacy.  If  somebody  comes  up 
with  a  nebulizer  that's  supposedly 
twice  as  good,  they  should  have  to  do 
a  clinical  trial  to  support  that  claim. 

Dennis:  1  think  you're  talking  about 
a  very  specific  application,  and  I  think 
that  would  be  a  matter  for  a  specific 
review  body  to  look  at.  I've  got  no 
issue  with  it.  What  I'm  getting  at  is 
the  idea  of  le\eling  the  playing  field 
and  getting  one  consistent  and  mean- 
ingful set  of  methods  to  describe  a 
nebulizer's  performance. 

Fiel:'  I  think  the  concept  of  stan- 
dards is  absolutely  necessarx  for  u  here 
we're  going,  in  trying  to  pull  together 
the  clinical  outcome  and  the  produc- 
tion of  the  various  devices  that  are 
coming  along.  Still.  I  think  that's  a 
really  good  point  that  Tom  O'Riordan 
made.  And  how  it'll  work  out  in  the 
clinical  arena  remains  to  be  seen.  Up 
until  now  most  of  what  clinicians  have 
dealt  with  has  been  bronchodilators. 
where  it  really  doesn't  matter  where 
and  how  you  deliver,  but  it's  going  to 
be  a  whole  different  field  soon  and 
we're  in  for  some  problems  if  we  do 
not  standardize.  John,  do  the  Euro- 
pean Standards  have  specific  methods 
for  the  breath-actuated  nebulizers',' 


*  Stanley  B  Fiel  MD,  MCP  Hahnenninn  I'ni- 
versily,  Philadelphia.  Pennsyhania  (ilisciissaiil 
for  Monaghan  Trudell.  Syracuse.  New  York  I. 


Dennis:  The  breath-actuated  nebu- 
lizers will  just  slip  into  the  testing  reg- 
imen for  flow  cycles,  because  they 
come  on  during  inhalation  and  shut 
off  during  exhalation.  So  they  will 
work  within  the  testing  method.  For 
example,  the  HaloLite  and  the  Aero- 
Eclipse  both  trigger  during  inhalation, 
though  there  may  be  an  issue  with 
whether  they  trigger  soon  enough  at 
the  lowest  inspiratory  flows. 

Dhand:  I  was  really  interested  in 
your  engineering  solution  to  make 
smarter  physicians.  To  borrow  a  phrase 
from  Alessandro  [Gomez],  I  think  we 
are  heading  for  a  "Coulombic  explo- 
sion" with  new  nebulizer  technology. 
I  think  a  comparable  issue  is  admin- 
istration of  antibiotics.  There  are  spe- 
cific indications  for  the  use  of  an  an- 
tibiotic, and  then  there  are  also  specific 
indications  for  w  hen  you  don 't  use 
them.  I  think  for  physicians  it  might 
be  very  helpful  if  nebulizer  solutions 
came  out  with  specific  indications  for 
which  population  they  should  be  used 
with,  how  they  should  be  used,  and  in 
which  situations  they  should  not  be  used. 

Dennis:  The  ERS  Guidelines  look 
at  the  evidence  for  that  and  they  make 
summary  statements  and  recommen- 
dations. 

Smaidone:  I'm  getting  nervous.  I 
have  no  problem  with  standards,  but 
to  me  as  an  engineer,  one  standard  is 
to  look  at  a  nomogram  and  the  con- 
ditions for  the  measurement  ate  there, 
and  the  data  are  there,  and  you  do 
what  you  want  with  it.  My  problem 
with  the  so-called  "standards"  that 
have  been  discussed  here  are  adjec- 
tives such  as  "meaningful."  "appro- 
priate." "better."  ""worse."  and  '■rec- 
ommended." 

Dennis:      ""Consistent." 

.Smaidone:  "Consistent"  to  me  is 
simply  the  quality  of  the  laboratory.  If 
there's  a  nomogram  with  out|iuts  on 


it.  they'll  ha\e  plus-minus  sign  on  it. 
and  there'll  be  a  statement  of — 

Dennis:  Oh,  I  meant  consistent  be- 
tween laboratories — when  different 
laboratories  test  the  same  nebulizer 
system  and  the  results  are  similar,  the 
results  are  consistent. 

Smaidone:  I'm  simply  saying  that 
I'm  opposed  to  all  those  other  adjec- 
tives. I  think  a  standard  is  a  functional 
statement  of  a  device:  that's  it.  And 
that  I  don't  want  a  regulatory  agency 
telling  me  what's  meaningful  or  not.  I 
think  that  as  a  physician  1  ought  to  be 
able  to  make  my  own  decision  as  to 
what's  meaningful.  Standards  have 
been  developed  properly  for  MDIs 
[metered-dose  inhalers]  because  of  the 
attitude  regarding  cascade  impaction 
and  output  measurements  for  MDIs. 
specifically  that  it's  done  primarily  for 
quality  control.  The  Food  and  Drug 
Administration  sets  relatively  strict 
standards,  and  aerosols  are  measured, 
and  that's  about  it.  But  all  those  ad- 
jectives are  really  a  form  of  market- 
ing, and  I  don't  think  they  should  be 
associated  with  a  regulatory  matter. 
You  can  still  make  the  measurements, 
but  they're  whate\er  they  are  for  w  hat- 
ever  reason,  but  not  a  "standard."  To 
use  adjectives  such  as  ""better." 
""worse,"  and  "meaningful"  and  make 
recommendations  ba.sed  on  a  standard 
that  may  have  no  relevance  is.  I  think. 
xerN'  dangerous. 

Dennis:  I  want  to  say  a  couple  of 
things  to  that,  MDIs  undergo  clinical 
trials,  so  we've  got  good  information 
on  MDIs,  so  we  can  afford  to  ignore 
the  in  vitro  results.  The  in  \itro  tests 
can  be  considered  just  type  testing  and 
tossed  into  a  drawer,  just  to  be  con- 
sidered a  money  sink.  But.  for  the  most 
part,  nebulizers  don't  have  clinical  tri- 
als, so  what  information  are  \ou  go- 
ing to  use'.'  If  you  were  just  another 
busy  clinician  looking  for  a  nebulizer 
and  didn't  know  much  abiuit  aerosols 
or  nebulizers,  what  information  would 
vou  use  to  choose  a  nebulizer'.'  That's 
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what  I'm  talking  about,  that's  what 
the  ERS  Guidelines  are  targeted  at. 
and  that's  what  we'll  use  the  Euro- 
pean Standard  methods  to  provide: 
consistent  intonnation  on  aerosol  out- 
put and  droplet  size  from  each  nebu- 
lizer system.  Consistent  information 
that  allows  us  to  at  least  compare  like 
with  like.  That  information  is  not  a\  ail- 
able  at  the  moment. 

Gomez:  I  want  to  comment  on  .stan- 
dardization of  droplet  size  measure- 
ment techniques.  The  ERS  standards 
are  certainly  acceptable  and  should  be 
enforced.  You  mentioned  that  the  la- 
ser diffraction  technique  may  not  be 
the  best.  If  you  are  referring  to  the 
Mahern  instrument,  in  the  "droplet 
communitN"  the  Mahern  has  been  al- 
most completely  supplanted  by  phase 
Doppler  anemometry.  which  simulta- 
neously measures  droplet  size,  droplet 
velocity,  and  gas  velocity,  so  that  we 
ha\e  all  the  variables  that  are  relevant 
for  inertial  based  deposition. 

Dennis:  That  works  for  you.  but 
we're  dealing  with  an  aerosol  that's 
evaporating  at  the  same  time  that  w  e're 
interested  in  the  solute  concentration, 
which  you  can't  measure  with  phased 
Doppler.  because  the  solute  is  con- 
centrated. You  don't  know  how  much 
a  droplet  has  been  concentrated  by,  so 
a  2-/xm  particle  might  contain  as  much 
drug  as  a  3-/j.m  particle.  There's  a  dy- 
namic operating  that  you  can  only  mea- 
sure by  cascade  impactor.  at  least  with 
the  existing  technology. 

Gomez:  Wait  a  minute.  You  can 
model  based  on  esaporation  loss,  be- 
cause the  volatile  sohent  evaporates 
and  the  solute  stays  behind. 

Dennis:  There's  a  couple  of  guvs 
who  ha\c  put  their  whole  careers  into 
such  modeling,  and  they  are  still  strug- 
gling avvav  to  try  to  get  their  model- 
ing results  to  match  the  experimental 
data.  It's  not  my  field,  and  I  admit  it's 
possible,  hut  it's  certainly  complex  and 
is  still  indirect. 


Fink:  It  occurs  to  me  that  product 
inlorinalion  lor  many  commercial 
aerosol  products  use  similar  units  of 
measure  for  very  different  methodol- 
ogies, on  occasion  using  totally  inap- 
propriate devices  to  measure  particle 
size.  For  instance,  systems  designed 
to  make  gravimetric  measures  of  dry 
powder  are  totally  inappropriate  for 
jet  nebulizers  aerosolizing  normal  sa- 
line. This  is  how  you  see  claims  of 
0.9-/xm  particles  from  a  nebulizer  that 
produces  particles  that  measure  >  5 
/xm  by  direct  assay  with  a  standard 
cascade  impactor.  Unfortunately,  the 
manufacturer's  data  are  often  the  only 
data  the  consumer  has  to  make  the 
device  selection  decision.  In  our  lab- 
oratory we  have  tested  a  variety  of 
nebulizers  used  for  home  care,  find- 
ing inhaled  mass  ranging  from  6  to 
559c.  with  no  relevant  data  in  the  man- 
ufacturer's literature.  Do  clinicians 
need  to  know  that  their  choice  of  neb- 
ulizer may  result  in  a  lO-fold  difference 
in  drug  deliveiy  for  their  patient?  Some 
standard  for  comparative  measurement 
and  repoiling  may  have  merit. 

VVitelv:*  My  comment  covers  all  of 
the  presentations  this  morning,  but  par- 
ticularly Gerry's  [Smaldone]  thoughts 
about  marketing,  advertising,  and  ad- 
jectives. I  think  it's  important  to  un- 
derstand that  words  such  as  ""superi- 
or," ""equivalent,"  and  "noninferior" 
have  very  specific  meanings  in  the  de- 
sign of  a  study,  with  respect  to  a  priori 
statements  on  how  your  statistical 
analysis  is  designed.  The  important 
thing  is  that  we  in  the  industry  have  to 
define  those  and  state  such  aspects  a 
priori,  and  when  we  meet  those  re- 
quirements, then  we're  allowed  to  use 
those  adjectives.  Consider  some  of  the 
data  we  saw  today,  for  example:  what's 
an  "'equivalent"  response  in  FEV, 
[forced  expiratorv  vokuiie  in  the  first 


second]?  In  a  simplified  example, 
some  may  say  you  take  your  peak  re- 
sponse relative  to  placebo,  and  if  it 
falls  within  a  third  of  that  response. 
you  may  have  ""equivalent"  response 
in  FEV|.  So,  in  some  sense,  with  re- 
gard to  the  clinical  data,  there  is  some 
degree  of  a  level  playing  field  in  that 
you  need  substantial  evidence  on  w  hal 
you  say  a  priori  you're  testing. 

Dolovich:  I  want  to  follow  up  on 
Jim  Fink's  comment.  The  Canailian 
standard  that  we  developed  for  spac- 
ers has  built  into  it  testing  the  spacer 
with  3  drugs,  so  that  we  can  compare 
different  devices  with  the  same  type 
of  drug.  The  manufacturer  has  a  choice 
within  the  drug  category,  but  it  is  an- 
ticipated that  some  drugs  tested  will 
be  common  to  many  of  the  manufac- 
turers. Is  that  type  of  requirement  also 
part  of  the  CEN  standard'.' 

Dennis:  Testing  with  drugs  is  not 
part  of  the  CEN  standard.  The  CEN 
standard  is  for  generic  testing  of  neb- 
ulizer peiformance.  using  a  simple  salt 
solution.  However,  the  CEN  standard 
allows  for  testing  of  drugs,  since  the 
analysis  part  can  be  adapted  to  high- 
performance  liquid  chromatography  or 
other  methods. 

McMahon:  From  a  manufacturer's 
perspective,  I  believe  you  will  find 
support  for  implementing  standardized 
test  methods  for  nebulizers.  I  do  not 
believe  the  data  will  ansv\er  all  of  a 
clinician's  questions:  they  will  not  dic- 
tate which  nebulizer  to  use  in  various 
clinical  applications.  They  should, 
however,  help  with  credibility  in  ad- 
vertising and  literature,  specifically  in 
regard  to  measurements  of  MMAD 
(mass  median  aerodynamic  diameter| 
and  the  percentage  of  respirable  ilrop- 
lets.  Several  variables,  including  tem- 
perature, humidity,  and  flow  rates,  in- 
fluence MMAD  and  the  percentage  of 
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respirable  droplets,  so  data  from  test- 
ing in  various  laboratories  may  not 
match  what  is  in  the  advertising  and 
literature  tor  the  device.  So  it  would 
seem  beneficial  to  have  a  standard  test 
for  nebulizers  to  determine  MMAD 
and  percentage  of  respirable  droplets. 
It  would  clarify  the  test  conditions  used 
to  obtain  the  data  in  advertising  and 
literature. 

Dennis:  Yes.  I  agree.  A  nebulizer 
that  came  into  Britain  from  Italy  sup- 
posedly had  100%  respirable  aerosol. 
It  was  fantastic,  and  it  was  all  the  rage. 
But  they  had  measured  the  particle  size 
using  saline  and  the  TSI  particle  sizer, 
so  it  was  just  dry  powder  generated  by 
the  method  of  measurement!  Not  clin- 
ically representative  at  all.  And  they 
got  away  with  it!  They  sold  and  they 
made  money.  People  talked  about  the 
adjectives.  I've  deliberately  tried  nai 
to  use  adjectives,  and  generally  tried 
to  say  that  "good"  and  "bad"  can  mean 
the  same  thing,  depending  on  the  ap- 
plication. It's  the  application  the  cli- 
nician should  focus  on. 

Berg:'  But  there's  nothing  in  the 
standards  that  indicate  that  you  should 
test  any  drugs. 

Denni.s:  1  agree  in  part.  The  main 
purpose  of  the  CEN  standard  is  to  end 
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up  with  a  CE  mark  IConformite  Eu- 
ropeene  mark,  on  a  product,  that  in- 
dicates the  manufacturer  has  con- 
formed with  European  product  safety 
regulations]  and  say  it  passes  the  cri- 
teria of  safety,  plastic  robustness  (for 
instance,  parts  aren't  going  to  fall  off 
into  a  patient's  lung),  electrical  safety, 
and  all  the  other  things  that  any  safety 
organization  would  normally  look  at. 
But  the  CEN  standard  also  needed 
some  measure  of  aerosol  output  and 
size.  Besides  those  other  things,  the 
CEN  standard  was  always  focused  on 
providing  a  measure  of  output,  some 
measure  of  nebuli/er  "performance." 
We  tried  to  make  sure  the  methods 
were  as  useful  as  we  could  inake  them. 
The  manufacturers  will  have  to  test 
for  the  CEN  standard  in  any  case,  what- 
ever the  method.  You  can  throw  drugs 
into  the  equation  and  collect  drug  in- 
formation, if  you  want  to  extend  the 
CEN  testing  to  that  as  well  as  the  ge- 
neric simple  salt  solution.  So,  in  sum- 
mary, though  the  primary  purpose  of 
the  whole  CEN  standards  organiza- 
tion and  funding  is  for  type  testing 
(which  is  really  behind-the-scenes 
manufacturing  stuff),  it  has  been 
adapted  so  its  results  becoine  clini- 
cally useful,  which  they  otherwise 
would  not  have  been. 

Berg:  But  there's  nothing  in  the  stan- 
dards that  say  that  you  sluniUI  lest  any 
druszs. 


Dennis:  It's  acluall\  //;  the  standard 
that  you  mn.  hut  that  drug  informa- 
tion would  not  be  rellected  in  the  out- 
put generated  for  the  CE  marking, 
which  is  restricted  to  the  output  ob- 
tained with  the  simple  salt  solution. 
But  you  could  extend  the  CEN  study 
tests  to  using  drugs  in  the  nebulizer 
cup.  The  drug  could  change  the  out- 
put if,  for  example,  it  were  more  vis- 
cous. Alternatively,  the  drug  could  be 
a  suspension.  It  is  written  in  the  CEN 
standard  that  you  can  apply  it  gen- 
erally, but  the  CEN  standard  also 
warns  against  extrapolating  the  salt 
solution  results  to  what  will  happen 
with  the  nebulizer  drugs.  If  you  want 
to  know  how  a  certain  drug  will  per- 
form in  a  certain  nebulizer,  test  the 
drug  or  ask  the  manufacturer  for  the 
data.  That's  what  the  standard  and 
guidelines  recommend. 

Hov\ever.  what  the  CEN  standard 
does  require  as  a  minimum  is  that  the 
manufacturer  provide  detailed  output 
data  (for  simple  salt  solution,  not 
drugs)  on  the  nebulizer  packaging,  in 
order  to  get  a  CE  mark.  This  provides 
the  level  playing  field.  This  provides 
simple  aerosol  output  and  droplet  size 
information  for  every  nebulizer  sys- 
tem with  a  CE  mark,  which  is  clini- 
cally useful  comparative  information. 
I  beliese  this  is  an  ad\ancemenl  on 
the  current  situation,  which  is  \ery 
confused. 
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Currently  available  nebulizers  are  inefficient,  bulk> ,  noisy,  and  take  longer  to  use  than  other  inhalation 
devices.  Use  of  nebulizers  is  increasingly  confined  to  patients  who  cannot  use  other  devices  or  who 
require  therapies  not  available  in  another  form.  In  the  future,  nebulizers  will  be  smaller  and  more 
efficient.  "Smart"  nebulizers  that  can  monitor  patient  use  and  provide  feedback  to  the  patient  and  the 
caregiver  will  be  de\elopcd.  Critical  study  will  be  needed  to  determine  whether  these  innovations 
improve  patient  compliance  with  therapy.  Nebulizers  will  also  be  refined  for  delivering  complex  mol- 
ecules for  both  pulmonary  and  systemic  disease.  One  example  is  in  the  use  of  gene  therapy,  in  which 
issues  such  as  the  best  gene  \ector  are  unresobed.  Nebulizing  these  complex  molecules  without  dam- 
aging them  may  be  difficult,  and  nebulizers  of  the  future  will  have  to  be  more  efficient  to  avoid  «  asting 
expensive  drugs.  For  the  deli\ ery  of  widely  used,  less  expensive  medications,  such  as  some  bronchodi- 
lators,  these  innovations  will  not  be  cost-effective,  so  cheaper,  less  efficient  nebulizers  will  continue  to  be 
used.  Key  words:  iwhiili:alioii.  nebulizer,  aerosol,  vaporizer,  erilical  care,  siiijaelanl.  aene  llierapy.  persistent 
piilnioiuiiy  liypenension  of  the  newborn.  PPHN.    [Respir  Care  2002:47(  I2):1459-14691 
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Introduction 

Looking  into  the  future  is  an  attiacti\e  pastime  for  a 
nuniher  of  reasons:  you  can  champion  causes  that  are  dear 
to  your  heart;  other  people  cannot  contradict  you,  at  least 
not  in  the  present;  and.  as  long  as  you  predict  far  enough 
into  the  future,  yini  are  unlikely  to  be  around  to  hear  the 
opprobrium  of  your  successors  that  the  predictions  were 
wrong.  Hov\e\er.  prediction  is  also  a  difficult  pastime, 
w ith  many  potential  outcomes  and  areas  to  be  co\cred.  in 
this  re\ie\v  I  will  concentrate  on  a  small  number  of  clinical 
situations  to  illustrate  some  areas  in  which  nebuli/er  ther- 
apy may  be  developed. 

Our  path  to  the  future  is  intluenced  by  our  starting  point 
in  the  past  and  by  how  we  ha\e  tra\eled  to  get  to  our 
present.  Inhalational  therapy  has  a  long  history,  with  va- 
pors and  smokes  being  used  in  the  treatment  of  respiratory 
disease  and  other  ailments  more  than  4.000  years  ago.'^^ 
In  the  modern  era.  Sir  Alexander  Crichton  described  the 
use  of  the  vapors  of  boiling  tar  in  the  treatment  of  tuber- 
culosis, a  practice  continued  in  Berlin  in  the  first  half  of 
the  nineteenth  century.  In  IS59  a  portable  de\  ice  was  mar- 
keted in  France  that  generated  an  aerosol  of  liquid  tar  for 
medicinal  use.  Many  types  of  nebuli/er  have  since  been 
developed,  but  the  commonest  type  in  use  today  remains 
similar  in  principle  to  the  Collinson  nebulizer.'^  a  jet  neb- 
uli/er constructed  of  ebonite  with  a  plate  baffle  to  filter  out 
large  drug  particles.  Until  recently,  improvements  in  neb- 
ulizer therapy  have  been  made  by  modifications  of  that 
type  of  device. 

Other  reviews  in  this  and  the  previous  issue  of  Respi- 
R.ATORY  Care  have  documented  the  characteristics  of  the 
main  nebulizer  types  and  described  various  approaches  to 
improve  the  efficiency  of  the  jet  nebulizer,  as  well  as  new 
approaches  to  nebulization  that  are  being  developed.  This 
review  will  use  examples  from  clinical  practice  to  specu- 
late on  how  nebulizers  may  be  used  in  the  future,  to  ad- 
dress 3  issues: 

•  Patient  compliance  with  inhaled  medication  therapy 
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•  Using  complex  or  expensive  drugs  to  treat  lung  dis- 
ea.se 

•  Delivering  complex  molecules  for  gene  therapy 

Compliance  and  .Adherence 

Patient  compliance  with  therapy  may  be  defined  as  pa- 
tient behavior  consistent  with  instructions  from  a  doctor  or 
other  health  care  professional.  This  view  o\  patients  pas- 
sively responding  (or  not  responding)  to  commands  from 
powerful  physicians  has  been  challenged.  The  terms  ""ad- 
herence." "therapeutic  alliance,"  and  "concordance"  have 
been  proposed''-^  as  a  way  of  suggesting  that  a  manage- 
ment plan  consists  of  an  agreement  between  a  physician 
and  the  patient.  Noncompliance  may  be  seen  as  a  failure  of 
the  physician  and  the  patient  to  reach  an  agreement,  as  a 
failure  of  communication.  Other  factors  that  may  also  af- 
fect compliance  include  the  drug  regimen,  drug  formula- 
tion, and  perhaps  the  drug  delivery  device. 

Patient  compliance  with  inhaled  medication  instructions 
is  poor.  In  studies  using  electronic  timers  attached  to  me- 
tered-dose  inhalers,  and  in  which  subjects  knew  that  com- 
pliance was  being  monitored,  on  only  half  of  the  study 
days  was  the  prescribed  medication  taken,  whether  this 
was  self-administered  by  adults  or  children^''  or  super- 
vised by  a  parent.'""  Poorly  compliant  patients  are  at 
increased  risk  of  exacerbations,"  and  it  has  been  specu- 
lated that  under-use  of  anti-innammatorv  medications  with 
relative  over-use  of  bronchodilators  increases  the  risks  of 
fatal  asthma.''-'^ 

The  most  effective  inhaler  for  any  given  patient  is  the 
one  that  the  patient  will  use  on  a  regular  basis  and  in  an 
effective  manner.  Nebuli/er  design  factors  that  improve 
compliance  are  not  known.  Table  I  lists  factors  that  iiuiy 
improve  compliance,  which  are  discussed  below. 

Size 

Although  there  is  no  evidence  that  compliance  is  im- 
proved bv  changing  to  a  different  inhaler  device,  small, 
unobtrusive  devices  are  often  marketed  on  the  basis  that 


Table  I .      Factors  That  Influence  Compliance 

•  Size,  portability,  obtrusivene.ss 

•  Appearance:  color,  material,  decoration 

•  Fashion 

•  Noi.se 

•  Power  source  (battery,  car  adaptor,  wall  outlet) 

•  Administration  time 

•  End  of  life/lreatment/dose-reinaining  indicator 

•  Interaction  with  patient/patient  and  physician  feedback 

•  Multiple  doses 

•  Effectiveness 
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they  are  more  aeceplable  Hi  ihe  patient  and  will  liieretbre 
be  used  more.  There  is  little  published  evidenee  that  these 
elaiins  are  Jusiitied. 

Appearance 

There  is  no  doubt  from  marketing  studies  of  nonmedical 
appliances  that  the  appearance  anil  style  of  an  object  can 
affect  its  acceptability  to  a  consumer  and  perceptions  of  a 
de\ice"s  effectiveness.  This  is  also  linked  to  fashion  (see 
below).  Whilst  there  are  many  studies  of  the  "S  out  of  10 
patients  said  they  prefeiTed  the  color  of  the  new  device 
compared  to  the  one  the\  are  currently  using"  \ariety. 
there  is  little  e\idence  that  appearance  by  itself  affects 
compliance  or  effectiveness  of  nebulizers.  In  pediatric  prac- 
tice, one  company  produces  nebulizer  attachments  that 
gi\e  the  nebuli/er  the  appearance  of  a  cartoon  character. 
We  have  yet  to  see  co-marketing  of  de\  ices  with  famous 
characters  from  the  entertainment  iir  sports  industries,  and 
it  is  not  known  whether  a  medication  can  be  made  more 
palatable  I  to  children  in  particular)  by  associating  it  with  a 
particular  character,  although  this  appears  to  be  widely 
accepted  by  parents  in  relation  to  other  commodities. 

Fa.shion 

There  are  large  international  differences  in  the  use  of 
different  types  of  inhalable  drug  delivery  device,  which 
cannot  be  explained  by  differences  in  patient  population  or 
disease  characteristics.  As  noted  above,  patients  may  be 
affected  by  the  appearance  of  a  device.  Both  patients  and 
physicians  are  affected  by  peer  pressure  or  fashion  in  their 
choice  of  other  commodities,  and  it  is  clear  that  the  pre- 
scription of  different  devices  by  physicians  is  to  some 
extent  driven  by  personal  preferences  that  are  affected  by 
peer  pressure,  media  exposure,  and  the  prescriber"s  back- 
ground. 

Noise 

Jet  nebulizers  in  particular  can  be  noisy '"^  and  this  may 
reduce  acceptability,  especially  if  obtrusiveness  is  per- 
ceived to  be  a  problem  affecting  compliance. 


Adiiiinistration  lime 

Despite  research  documenting  the  reduction  m  nebu- 
lizer output  altera  relati\ely  shiirt  period  of  time."' ''  nebu- 
lizers continue  to  be  used  "until  dryness"  or  "until  sput- 
tering occurs."  High  oulpiU  nebulizers  have  been  developed 
that  deliver  medication  quickly  and  are  said  to  improve 
patient  acceptability.  However,  the  high  output  may  also 
lead  to  increased  drug  waste  to  the  environment  and.  par- 
adoxically, reduce  drug  delivery.'^ 

End  of  Treatment/Dose-Remaining  Indicators 

Associated  with  the  issue  of  administration  time,  the 
facility  available  in  some  devices  that  indicates  when  drug 
administration  is  completed  may  also  improve  device  ac- 
ceptability."* This  may  take  the  form  of  a  simple,  timed 
on/off  indicator,  a  detector  of  when  the  nebulizer  chamber 
is  empty,  or  a  more  sophisticated  detector  that  measures 
the  Nolume  of  aerosol  leaving  the  device."' 

Interaction  with  Patient/Patient  and  Physician 
Feedback 

There  is  increasing  interest  in  drug  delivery  devices  that 
can  both  monitor  and  prompt  patient  use  and  that  can 
provide  patient  management  data  for  the  physician. 

Multiple  Doses 

Most  nebulizers  and  some  dry  powder  inhalers  need  to 
have  the  medication  added  to  the  device  at  each  use.  which 
necessitates  carrying  the  device  and  the  drug  separately. 
This  makes  the  device  less  portable  and  increases  obtru- 
siveness. both  of  which  may  affect  compliance.  Patients 
also  say  that  they  prefer  medications  that  can  be  given 
once  daily.-"  but  it  is  not  known  to  what  extent  switching 
to  a  once-daily  regimen  actually  improves  compliance. 

Effectiveness 


Power  Source 

Nebulizers  that  need  wall-outlet  power  may  be  less  easy 
for  patients  to  use  than  those  that  run  on  batteries  or  al- 
ternative sources  such  as  car  batteries.  Devices  with  self- 
contained  power  sources  that  do  not  run  out  or  need  re- 
charging may  be  preferable,  but  to  my  knowledge  there  are 
no  published  data  on  the  effect  of  power  source  on  patient 
compliance. 


Not  all  noncompliance  leads  to  poor  outcome,  particu- 
larly in  mild  disease,  but  does  poor  effectiveness  of  the 
prescribed  medication  lead  to  noncompliance'.'  Perception 
of  effectiveness  is  important.  Medication  that  has  an  im- 
mediate effect  on  patient  symptoms  may  have  greater  com- 
pliance than  one  given  as  a  prophylactic  therapy,  in  which 
case  the  benefits  are  not  immediately  apparent.  There  are 
no  data  comparing  patient  compliance  with  otherwise  iden- 
tical desices  of  different  effectiveness. 
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The  Future 

We  know  a  little  about  the  nature  and  extent  of  non- 
compliance, but  almost  nothing  about  the  factors  that  im- 
pro\e  compliance.  For  instance,  patient  contact  with  spe- 
cialist asthma  nurses  is  helpful.-'  but  we  do  not  know  what 
aspect  of  this  contact  improves  compliance. 

Future  nebulizer  designs  may  address  compliance  by 
being  easier  for  patients  to  use  or  by  incorporating  features 
that  remind  patients  to  take  their  medication.  Table  2  lists 
some  of  the  options  that  may  be  incorporated  into  future 
nebulizer  designs.  Whatever  innovations  are  used,  it  is 
important  that  they  are  evaluated  fully  in  properly  con- 
ducted clinical  trials.  A  complicating  factor  is  cost.  Some 
of  these  options  may  be  expensive  to  incorporate  into  neb- 
ulizer designs,  and  this  may  not  be  economical  for  ( 1 )  the 
delivery  of  inexpensive  drugs  such  as  jS,  agonists.  (2) 
drugs  with  a  shallow  dose/response  curve  and  a  large  ef- 
fect/adverse-effect ratio,  where  a  larger  nominal  dose  can 
be  safely  administered,  accepting  that  much  of  it  will  be 
wasted,  or  (3)  health  care  systems  where  a  limited  health 
care  budget  means  that  innovative,  cheaper  options  may  be 
the  most  appropriate. -- 

Using  Complex  or  Expen.sive  Drugs 
to  Treat  Lung  Disease 

Inhaled  medications  are  increasingly  used  to  treat  pul- 
monary illnesses  other  than  asthma  and  chronic  obstruc- 

Table  2.      Reasons  and  Possible  Solutions  for  Noncompliance 


Reason  for 
Noncompliance 


Possible  SolulKins 


Forgetting 


Administration 
problems 


Effectiveness 

Addilional 
functions 

Obtrusivencss 


Popularity 


Cost 


Reminder  alarm  on  device 
Co-packaging  with  reminder  devices  such  as 
Post-it  notes  or  refrigerator  magnets 
Link  to  cues  in  everyday  activities 

Smiplc  adniinisiralion  technique 

Simple  palienl/device  interface 

Aulomalic  feedback  on  correct  and  incorrect 

technique 

Notification  of  completion  of  administration 

Will  increased  efficacy  nupnne  compliance' 

Monitoring  of  respiratory  \ariables  and 
feedback  lo  palieni  and/or  caregiver 

Smaller,  quieter  devices 

Self-contained  for  medication  and  power 

Popular  appearance 
Efficient  marketing 

Cheaper  devices  may  be  more  affortlablc.  bin 
will  they  be  perceived  as  less  valuable? 


Table  3.       Potential  Therapies  for  Persistent  Pulmonary  Hypertension 
of  the  Newborn 

•  Inhaled  nitric  oxide 

•  Phosphodiesterase  inhibition 

•  Magnesium 

•  Prostacyclin 

•  Partial  liquid  ventilation 

•  Surfactant 


live  airways  disease.  In  this  review  examples  I'rom  pedi- 
atric and  neonatal  intensive  care  will  be  used  to  illustrate 
some  of  the  drugs  that  may  be  administered  by  nebulizers 
in  the  future. 

Persistent  Pulmonary  Hypertension  of  the  Newborn 

Persistent  pulmonary  hypertension  of  the  newborn 
(PPHN)  has  a  prevalence  of  1 .9  per  1 .000  live  births,-'  and 
a  mortality  of  around  1 1%.  The  illness  typically  occurs  in 
term  newborns  and  is  characterized  by  right-to-left  shunt- 
ing of  blood  due  to  abnormally  persistent  pulmonary  hy- 
pertension, leading  to  severe  hypoxemia.  Right  ventricular 
failure  occurs  due  to  the  high  pulmonary  vascular  resis- 
tance; subsequent  distention  of  the  right  ventricle  impairs 
left  ventricular  function,  and  this  reduces  cardiac  output. 
Treatment  has  been  directed  toward  maintaining  oxygen- 
ation and  reducing  pulmonary  vascular  resistance.  Intra- 
venous administration  of  vasodilators  may  reduce  pulmo- 
nary vascular  resistance  but  may  also  cause  hypotension, 
exacerbate  ventilation/perfusion  mismatch,  and  worsen  hy- 
poxemia. Therapies  such  as  sedation,  paralysis,  and  me- 
chanical ventilation  are  frequently  used,  but  until  recently 
no  specific  therapy  had  been  clearly  associated  with  re- 
duced mortality.  Table  ^  lists  potential  therapies  for  PPHN. 

Inhaled  Nitric  Oxide.  Inhaled  nitric  oxide  (NO)  has 
been  shown  lo  reduce  the  need  for  extracorporeal  life  sup- 
port in  term  infants  with  respiratory  failure,  including 
PPHN.-^  NO  is  a  low-molecular-weight  gas  produced  in 
the  body  by  NO  synthase  from  L-arginine.  NO  activates 
soluble  guanyl  cyclase,  leading  to  an  increase  in  cellular 
cyclic  guanosine  monophosphate  (cGMP).  In  vascular 
smooth  muscle  cells  this  causes  relaxation  and  hence  va- 
sodilatation. Inhaled  NO  dilates  the  pultnonary  ves.sels  but 
has  no  systemic  hemodynamic  effects  because  its  half-life 
in  biological  tissues  is  extremely  short.  As  it  only  dilates 
pulmonary  ves.sels  close  to  aerated  lung,  it  improves  ven- 
tilation/perfusion matching.  NO  is  administered  as  a  gas 
rather  than  an  aerosol,  and  gas  administration  is  not  con- 
sidered here.  However,  there  are  other  therapies  that  act 
through  NO.  Some  of  these  have  been  used  experimentally 
or  iherapeutically  lo  reduce  pulmonary  hypertension,  and 
some  have  been,  or  could  be.  deli\oix\l  via  iichtili/alion. 
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Nitric  Oxide  Donors.  A  number  of  drugs  may  act  as 
"NO  doiuirs."-^  - ■  ScvLMal  oi  these,  such  as  sodium  nitro- 
prusside  and  nitroglycerin,  ha\e  been  used  as  systemic 
\asodilators  tor  many  years,  but  only  recently  has  the 
administration  ol  NO  donors  via  inhalation  been  pro- 
posed.-"-'' Intrapulmonary  instillation  of  NO  donors  re- 
sults in  selecti\e  reduction  in  pulmonary  artery  pressures 
and  pidmonary  \ascular  resistance,  without  systemic  va- 
sodilation or  hypotension  in  animal  models  of  pulmonary 
hypertension."'"  "Direct  NO  donors"  are  compounds  that 
spontaneously  release  nitrogen  monoxides,  without  requir- 
ing metabolism  to  do  so,  although  they  may  require  co- 
factors  such  as  oxygen  or  thiols  to  facilitate  NO  release.-'' 
Other  NO  donors,  such  as  the  organic  nitrates,  require 
enzymatic  metabolism  to  release  NO.  In  the  cardiovascu- 
lar field  there  is  increasing  interest  in  linking  NO  donors  to 
existing  drugs  for  co-administration,  either  to  reduce  ad- 
verse effects  or  to  enhance  drug  action.  In  the  future  such 
linkage  may  also  be  applied  to  nebulized  agents  used  to 
treat  pulmonary  diseases. 

Animal  studies  suggest  that  nebulization  of  a  soluble 
NO  donor  can  improve  oxygenation  and  reduce  pulmo- 
nary hypertension  in  experimental  acute  lung  injury. ""-■'' 
These  studies  support  the  concept  that  soluble  NO  donors 
may  be  an  alternative  to  continuously  inhaled  NO  gas  for 
pulmonary  vasodilation.  Other  substances  have  also  shown 
potential  as  inhalable  vasodilators.  The  NO  synthase  co- 
factor  tetrahydrobiopterin  has  been  given  to  healthy  vol- 
unteers.'"* and  seseral  NO  donor  drugs  have  been  studied 
in  a  rabbit  lung  preparation. ''  For  pulmonary  delivery, 
attention  will  focus  on  compounds  that  have  reduced  trans- 
epithelial  permeability  and  limited  systemic  absorption,  on 
the  assumption  that  NO  released  from  these  compounds 
enters  the  pulmonary  circulation  without  the  parent  com- 
pound, minimizing  systemic  adverse  effects. 

The  half-life  of  inhaled  NO  is  extremely  short,  so  it 
needs  to  be  administered  continuously.  Sudden  cessation 
of  administration  is  associated  with  hemodynamic  insta- 
bility and  hypoxemia.'''  In  vitro  and  animal  data  suggest 
that  exogenous  NO  exposure  inhibits  endothelial  NO  syn- 
thase (eNOS)  activity,  and  that  this  may  be  the  cause  of  the 
rebound  pulmonary  hypertension  noted  after  sudden  with- 
drawal of  inhaled  NO.'"  There  may  also  be  a  role  for 
endothelin-1  in  this  phenomena,  because  PD 1 56707,  an 
endothelin  receptor  antagonist,  blocks  the  rebound  hyper- 
tension.'^ Oral  phosphodiesterase  inhibitors  may  be  used 
to  facilitate  NO  withdrawal.'"  "'  but  as  yet  there  have  been 
no  controlled  studies  of  inhaled  therapy  for  this.  The  use  of 
inhaled  drugs  to  support  NO  therapy  is  a  subject  for  future 
research. 

There  is  also  interest  in  slow-release  NO  delivery  sys- 
tems. A  number  of  compounds  have  been  produced  that 
have  promise  for  the  regulated  release  of  NO  in  nonpul- 
monary  fields.""'  "*-  For  instance,  in  cardiovascular  medi- 


cine, vascular  stents  have  been  produced  that  slowly  re- 
lease NO  donors.""  NO-containing  microspheres  have  been 
applied  to  vascular  grafts,  locally  releasing  NO  over  a 
number  of  days."  These  techniques  have  yet  to  be  applied 
to  inhalation  therapy. 

Prostacyclin.  The  prostaglandins  prostacyclin  ( PGK )  and 
prostaglandin  E,  (PGE,)  are  synthesized  from  arachidonic 
acid  via  the  cyclooxygenase  pathway.  Both  are  short-act- 
ing vasodilators  that  cause  pulmonary  vasodilation  in  lung 
preparations  and  in  animal  experiments.-*^'"' 

Continuous  intravenous  prostacyclin  therapy  is  benefi- 
cial in  the  treatment  of  patients  with  primary  pulmonary 
hypertension^^  and  has  been  suggested  for  the  treatment  of 
secondary  pulmonary  hypertension."*"  When  given  intra- 
venously, however,  both  pulmonary  and  systemic  vasodi- 
lation occur,  leading  to  systemic  hypotension.  Also,  as 
intravenous  prostacyclin  dilates  vessels  close  to  both  ven- 
tilated and  nonventilated  lung,  ventilation/perfusion  mis- 
match may  worsen,  with  possible  impairment  of  arterial 
oxygenation. 

The  clinical  use  of  inhaled  prostaglandins  in  humans 
has  been  reported."*'''"'  In  patients  with  acute  pulmonary 
hypertension  due  to  acute  respiratory  distress  syndrome, 
inhaled  prostacyclin  improves  oxygenation.^"-^'  causing 
selective  pulmonary  vasodilation  and  improved  ventila- 
tion/perfusion matching,  without  affecting  systemic  blood 
pressure''^  or  gas  exchange. ^^  However,  systemic  vasodi- 
lation could  occur  with  prostacyclin,  which  is  inactivated 
by  the  liver  and  not  metabolized  in  the  lung.^" '^''  In  con- 
trast. PGE,  undergoes  substantial  pulmonary  metabolism.''" 
Inhaled  PGE,  has  been  used  in  patients  with  severe  mul- 
tiple organ  failure,'^''  where  it  improved  oxygenation  but 
did  not  affect  outcome.  Its  efficacy  is  similar  to  that  of 
low-dose  NO  in  reducing  pulmonary  artery  pressures."" 

Iloprost  is  a  stable  prostacyclin  analog  with  strong  va- 
sodilatory"!  and  antithrombotic  properties."-  Long-term 
beneficial  effects  of  regular  iloprost  inhalations  have  been 
reported.^"*"'-""  In  comparison  to  the  short  duration  of 
pulmonary  vasodilation  in  response  to  inhaled  prostacy- 
clin ( 10-20  min).  the  response  to  nebulized  iloprost  lasts 
substantially  longer  (45-90  min).  However,  repeated  ad- 
ministration is  still  necessary,  and  for  that  reason  investi- 
gations are  proceeding  to  find  analogues  with  longer  du- 
ration of  action  and  also  to  assess  the  use  of  other  pulmonary 
dilators  that  may  have  a  synergistic  effect  (see  below). 

Another  issue  with  inhaled  prostacyclin  is  its  cost,  ap- 
proximately £28.000  ( US  $45,000)  per  annum  in  the  United 
Kingdom."^  Devices  that  iinprove  the  efficiency  of  drug 
deli\ery  will  clearly  be  an  attraction,  as  will  the  develop- 
ment of  cheaper  analogues.  Selection  of  an  efficient  and 
appropriate  drug  delivery  device  is.  of  course,  crucial  to 
the  success  of  the  therapy."""''  In  one  report,  failure  ol 
inhaled  prostacyclin  to  reduce  pulmonary  arterial  pres- 
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sures  in  u  chikl  "  nia)  lui\e  been  due  to  the  inappropriate 
choice  and  use  of  a  nebulizer^'  rather  than  failure  of  the 
drug. 

The  Role  of  Endothelin.  Endothelin-1  (ET-l)  appears 
to  be  the  final  pathv\ay  for  a  number  of  pulmonary  smooth 
muscle  contractile  factors.  Both  NO  and  prostacyclin  in- 
hibit the  expression  of  ET- 1 .  A  small  number  of  trials  have 
been  undertaken  to  evaluate  the  efficacy  of  oral  and  intra- 
venous ET- 1  receptor  antagonists  in  pulmonary  hyperten- 
sion.^--'-* Future  work  may  look  at  developing  inhaled 
compounds  to  reduce  the  amounts  of  ET-l  with  converting 
enzyme  inhibitors  or  blocking  the  actions  of  ET-l  with 
ET-l  receptor  antagonists. 

Phosphodiesterase  Inhibitors.  As  noted  above,  NO  ac- 
tivates soluble  guanylate  cyclase,  which  in  turn  increases 
cGMP  production.  Smooth  muscle  relaxation  is  mediated 
through  cGMP-dependent  protein  kinase.  The  levels  of 
cGMP  in  the  cell  reflect  a  dynamic  balance  between  pro- 
duction of  NO  by  NO  synthase  and  degradation  of  cGMP 
by  cyclic  nucleotide  phosphodiesterases  (PDF).  There  are 
at  least  1 1  subtypes  of  PDF,  each  with  its  own  tissue 
distribution  and  substrate  specificity.  PDF,  and  PDE^  are 
relatively  specific  for  cGMP.  PDE,  and  PDF,  degrade 
both  cGMP  and  cyclic  adenosine  monophosphate.  PDF, 
and  PDF4  preferentially  degrade  cyclic  adenosine  mono- 
phosphate. Drugs  that  inhibit  PDE,  particularly  PDF,,  in- 
crease cellular  cGMP.  causing  smooth  muscle  relaxation 
and  enhancing  the  effect  of  NO.  A  number  of  these  drugs 
are  currently  being  investigated. 

Sildenafil  is  a  potent  PDF,  inhibitor  that  was  initially 
used  as  an  angina  medicat'on  and  has  a  role  in  the  man- 
agement of  impotence.  Because  of  the  abundance  of  PDE-^ 
in  the  lungs  it  has  also  been  used  in  the  treatment  of 
pulmonary  hypertension.'"'"-^  Normally  given  orally,  there 
has  been  one  report  of  nebulized  sildenafil  use  in  the  treat- 
ment of  pulmonary  hypertension  in  animals.''^  The  advan- 
tages of  the  inhaled  route  are  the  minimization  of  systemic 
adverse  effects  and  the  optimization  of  ventilation/perfu- 
sion  matching.  For  instance,  zaprinast,  an  inhibitor  of  the 
cellular  cGMP-selective  PDF,  administered  intravenously 
caused  vasodilation  of  poorly  ventilated  areas  of  the 
lung,*"**'  whereas  this  effect  was  not  seen  with  the  same 
drug  v\hen  nebulized. **- 

PDE  inhibitors  may  also  be  used  to  augment  other  ther- 
apies for  pulmonary  hypertension.  Patients  receiving  in- 
haled prostacyclin  need  to  imdertake  multiple  daily  treat- 
ments to  achieve  substantial  alle\iation  of  pulmonary 
hypertension.  One  approach  to  prolong  and  possibly  in- 
crea.se  the  vasorelaxant  effect  of  inhaled  iloprost  might  be 
the  concomitant  use  of  PDF  inhibitors.  PDF  inhibitors 
have  been  shown  to  prolong  or  augment  pulmonary  vaso- 
dilation from  inhalcil  NO  or  prostacyclin  in  animal  mod- 


els*" •**'*"'  and  in  patients.'*'  Similarly,  in  one  study,  inha- 
lation of  PDE  inhibitors,  nebulized  in  doses  that  caused 
some  direct  lung  vasorelaxation,  but  that  were  too  low  to 
provoke  systemic  vasodilatory  effects,  led  to  marked  aug- 
mentation of  the  pulmonary  vasodilatory  response  to  neb- 
ulized iloprost.^'^  This  enhancement  of  iloprost-induced  pul- 
monary vasodilation  occurred  in  the  absence  of  any 
systemic  pressure  decline,  and  without  any  deterioration  of 
gas  exchange.''^'*  The  combination  of  nebulized  dipyridam- 
ole and  iloprost  has  also  been  noted  to  enhance  and  mark- 
edly prolong  the  post-iloprost  vasodilation. 

In  the  management  of  pulmonary  hypertension,  there- 
fore, a  number  of  compounds  that  have  shown  promise  in 
reducing  pulmonary  artery  pressures  are  being  developed. 
Delivery  of  these  compounds  \ia  nebulization  will  reduce 
systemic  effects  and  optmiize  Ncntilation/perfusion  match- 
ing. It  should  be  remembered,  however,  that  pulmonary 
hypertension  may  occur  in  a  number  of  illnesses  seen  in 
intensive  care,  and  reduced  pulmonary  artery  pressure  by 
itself,  without  consideration  of  the  underlying  pathophys- 
iologic abnormalities,  may  not  affect  outcome. 

Surfactant  Therapy.  Lung  surfactant  is  a  mixture  of 
phospholipids  and  proteins  that  reduce  surface  tension  at 
the  air/liquid  interface  in  the  alveolus,  reducing  the  risk  of 
alveolar  collapse  during  expiration  and  increasing  lung 
compliance.  Surfactant  also  has  a  role  in  host  defense  and 
inflammation.^"  Surfactant  deficiency  may  be  primary,  re 
lated  to  prematurity  (neonatal  respiratory  distress  syndrome 
or  hyaline  membrane  disease)  or  to  failure  of  functional 
surfactant  production  (ie,  surfactant  protein  B  detlciency  ), 
or  it  may  be  acquired  (secondary  to  acute  lung  injury). 
Surfactant  replacement  therapy,  using  either  artificial  or 
anunal-based  surfactants,  was  first  introduced  into  general 
clinical  practice  in  the  late  1980s  and  has  led  to  increased 
survival  and  less  morbidity  in  pre-term  infants.'"'-'"  Studies 
of  nebulized  surfactant  for  acute  respiratory  distress  syn- 
drome have  given  conflicting  results.  One  randomized 
study''-  she)wed  better  oxygenation  uith  instilled  or  nebu- 
lized surfactant  than  with  placebo,  whereas  other  studies 
have  shown  no  response,^-''-'-*  though  that  may  be  due  to 
the  choice  of  surfactant  used  or  the  method  of  surfactant 
administration. 

Surfactant  is  most  commonK  administered  \ia  direct 
instillation  through  the  endotracheal  tube.  Howe\'er.  not 
all  patients  respond  with  sustained  improvement  in  lung 
function,'^'''"'  possibly  becau.se  of  inhomogeneity  of  sur- 
factant deli\ery  in  the  lung,  v\hich  is  associated  with  a 
worse  clinical  response."'  Other  problems  w  ith  instillation 
as  a  mode  of  administration  include  the  rclati\els  large 
Nolumes  required  and  the  large  losses  that  occur  into  the 
orophai-ynx  and  gastromteslinal  tract.  Instillation  normally 
requires  temporary  disconnection  from  mechanical  venti- 
lation, which  niav  lead  to  hemod\naniic  insiabilitv.'^'*-'"-^ 
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EiHiotnichcal  tube  bKK'kaiZc  has  also  been  described  t'ol- 
louinii  sLirt'actani  instillation.  For  those  reasons,  nebiili/a- 
tit)n  of  surfactant  has  been  proposed  as  a  safer  and  more 
efficacious  method  of  surfactant  deli\ery. 

Surfactant  nebulization  has  been  shown  to  lead  to  a 
more  muform  distribution  of  surfactant  throughout  the  lungs 
and  to  improved  lung  function  at  a  much  lower  alveolar 
dose  than  instilled  surfactant,  potentially  with  fewer  he- 
modynamic consequences.""-'""  However,  the  viscosity 
of  surfactants  make  them  difficult  to  nebulize,  with  bubble 
formation  and  foaming  being  particuku'  problems.  Also,  as 
vei7  little  of  the  nebulized  material  is  recovered  from  the 
lungs,""'""'"  aerosol  administration  makes  surfactant  re- 
placement more  expensive  and  less  efficacious.'"  If  it  is 
impossible  to  increase  surfactant  delivery  rates  with  con- 
ventional nebulizers,  an  alternative  method  w  ith  a  greater 
efficacy  is  needed. 

Pulmonary  distribution  of  instilled  surfactant  is  primar- 
ily determined  by  gravity,  and  little  surfactant  redistribu- 
tion occurs  after  instillation."-  With  nebulizer  administra- 
tion siu-factant  is  preferentially  delivered  to  ventilated  areas 
ol  the  lung,  whereas  it  is  actually  needed  in  the  nonven- 
tilated  areas.  "^-"-'^  This  is  in  contrast  to  the  situation  with 
the  inhaled  pulmonary  vasodilators  discussed  above. 

The  pulmonary  deposition  of  aerosolized  surfactant  is 
affected  by  the  type  of  nebulizer  and  surfactant  prepara- 
tion used.'"  For  instance,  differences  in  protein  and  phos- 
pholipid content  make  some  surfactants  more  viscous  and 
hence  more  difficult  to  nebulize.  This  may  be  exacerbated 
by  solvent  evaporation,  leading  to  increased  viscosity  dur- 
ing nebulization. 

Surfactant  abnormalities  and  deficiencies  exist  in  a  ninn- 
ber  of  pediatric  and  adult  lung  diseases.  Surfactant  admin- 
istration would  seem  to  be  an  appropriate  therapy,  but  with 
the  exception  of  necnatal  surfactant  deficiency  and  meco- 
nium aspiration  syndrome,  replacement  therapy  has  not 
consistently  been  beneficial.  Differences  in  surfactant  prep- 
arations are  only  now  beginning  to  be  understood  and  the 
importance  of  different  constituents  is  being  determined. 
For  instance,  the  concentration  of  platelet  activating  factor 
differs  among  surfactant  preparations,  with  high  platelet 
activating  factor  levels  being  associated  with  better  effi- 
cacy. Different  preparations  may  also  have  different  vul- 
nerabilities to  the  surfactant  inhibitors  present  in  the  alve- 
oli of  patients  with  acute  respiratory  distress  syndrome. 
Improved  targeting  of  surfactant  therapy  to  diseased  areas 
of  the  lung,  by  better  delivery  or  by  recirculation  within 
the  lung,  could  also  be  used  to  improve  the  efficacy  of 
exogenous  surfactant.  Other  strategies  might  include  the 
co-nebuli/ation  of  surfactant  with  other  drugs  to  improve 
the  delivery  of  both.  Finally,  nebulizers  that  improve  the 
efficiency  of  surfactant  delivery  arc  needed  before  surfac- 
tant nebuli/ation  can  become  an  accepted  theraps. 


Delivery  of  nrii}>s  for  (Jene  Therapy 

The  development  of  appropriate  gene  delivery  systems  is 
essential  for  gene  therapy  to  enter  routine  clinical  practice.'"' 
Several  vector  systems  have  been  proposed,  including  ribo- 
nucleic acid  (RNA)  viruses  (retroviruses),  deoxyribonucleic 
acid  (DNA)  vimses  (adenovirus  and  adeno-associated  virus), 
and  nonviral  .systems  such  as  cationic  liposomes  or  naked 
DNA.  Each  of  these  has  distinct  advantages  and  disadvan- 
tages in  terms  of  gene  therapy."^ 

Retroviruses  are  RNA  viruses  that  produce  viral  DNA 
incorporated  into  the  host  cell  genome.  Although  they  are 
efficient  in  infecting  many  different  cell  types,  they  can 
only  infect  replicating  cells,  limiting  their  use  for  in  vivo 
treatment,  because  most  human  cells  are  not  actively  di- 
viding. Other  problems  with  retroviruses  include  the  fact 
that  the  virus  can  only  accommodate  small  amounts  of 
foreign  DNA,  and,  as  the  foreign  DNA  is  inserted  into  the 
host  cell  genome,  there  is  potential  for  oncogenesis.  In 
contrast  to  retroviru.ses,  adenoviruses  can  infect  nondivid- 
ing  cells  and  can  accommodate  larger  fragments  of  foreign 
DNA.  However,  adenoviral  proteins  induce  a  vigorous  host 
immune  response,  which  may  invoke  an  intlammatory  re- 
sponse and  interfere  with  gene  expression;  that  may  ex- 
plain the  disappointing  results  in  initial  human  trials  that 
used  adenovirus  gene  therapy  for  cystic  fibrosis.  More 
highly  infective  and  less  immunogenic  adenoviruses  have 
been  developed,  but  it  is  not  yet  known  whether  these 
newly  engineered  viruses  will  be  effective  in  gene  therapy. 

Nonviral  vectors  (ie.  cationic  liposomes,  cationic  poly- 
mers) may  be  used  and  are  safer  than  viral  vectors,  but 
have  problems  gaining  entry  to  the  cell — a  problem  that 
viruses  have  evolved  to  overcome.  Nevertheless,  there  have 
been  a  number  of  reports  of  the  successful  use  of  non-viral 
vectors  in  delivering  foreign  DNA  to  the  lungs.'"*-'-' 

Both  viral  and  nonviral  vectors  can  be  given  by  nebu- 
lization. As  noted  with  other  therapies,  problems  to  be 
overcome  include  ( I )  delivering  the  drug  in  sufficient  quan- 
tities to  the  site  of  action,  even  when  the  airways  are 
blocked  or  narrowed  by  disease.  (2)  minimizing  waste  and 
environmental  contamination  and  improving  delivery  ef- 
ficiency, thus  minimizing  drug  loss  and  controlling  costs, 
and  (3)  preventing  degradation  of  complex  molecules,  such 
as  DNA,  by  the  nebulization  process. 

Gene  Therapy  in  the  Treatment  of  PPHN 

Infants  with  PPHN  have  low  plasma  concentrations  of 
arginine  and  NO  metabolites,  suggesting  that  inadequate 
NO  production  may  be  involved  in  the  pathogenesis  of 
PPHN.'--  Some  infants  with  PPHN  inay  also  have  de- 
creased eNOS  expression.'-'  although  it  is  not  clear  if  this 
is  causally  related  to  the  development  of  PPHN  or  sec- 
ondary to  hypoxic  stress.  Studies  in  rats  have  shown  some 
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success  in  deliverini;  aerosolized  reconibiiiam  adenoxirus 
containing  the  ceNOS  gene,  leading  to  ceNOS  immuno- 
staining  in  the  lungs  and  a  rise  in  pulmonary  cGMP  lev- 
els.'--* Subsequently,  hypoxia-induced  increase  in  pulmo- 
nary artery  pressures  was  significantly  attenuated  in  treated 
animals,  compared  to  controls. 

Alter  intratracheal  lung  administratit)n  ot  cNOS  gene  to 
mice.  Champion  et  al  found  that  the  pulmonary  vasomotor 
responses  to  bradykinin  and  the  PDE;^  inhibitor  zaprinast 
were  enhanced  in  treated  animals,  but  systemic  responses 
were  not  altered.'-*^ 

These  studies  suggest  that  gene  therapy  with  the  eNOS 
gene  in  vivo  can  selectively  reduce  pulmonary  vascular 
resistance  and  pulmonary  vascular  responses  to  a  variety 
of  stimuli,  at  least  in  rats  and  mice.  In  the  future,  nebulized 
gene  therapy  may  be  a  useful  intervention  for  the  treat- 
ment of  pulmonary  hypertension  and  other  pulmonary  dis- 
orders. 

Oligonucleotides  and  Inhalation 

Antisense  oligonucleotides  are  short,  synthetic,  single- 
stranded  lengths  of  nucleic  acid  designed  to  induce  func- 
tional gene  ablation  by  blocking  the  activity  of  specific 
target  messenger  RNAs.  They  selectively  bind  with  com- 
plementary base  pairs  in  the  target  messenger  RNA,  pre- 
venting the  formation  of  the  gene  product,  and  hence  gene 
expression.  The  use  of  these  antisense  oligonucleotides  as 
therapeutic  agents  represents  an  exciting  challenge  for  the 
manipulation  of  gene  expression  in  a  variety  of  diseases. 
Problems  with  this  technology  include  the  high  cost  of  the 
nucleotides  and  the  difficulties  of  delivery  to  and  uptake 
by  the  affected  cells.  This  latter  problem  may  be  partly 
resolved  in  the  lung  by  the  use  of  nebulizer  therapy.  In  a 
placebo-controlled  crossover  study,  nebulized  antisense  oli- 
gonucleotides designed  to  target  the  adenosine  A,  receptor 
messenger  RNA  in  the  lung  were  administered  to  allergic 
rabbits.  The  bronchoconstrictor  response  to  inhaled  aden- 
osine was  markedly  less  with  antisense  oligonucleotides 
than  with  placebo.'-''  That  report  raises  the  possibility  of 
using  nebulized  therapies  H)  directly  block  abnormal  or 
undesirable  gene  expression  in  ihe  lung. 

Summary 

Advancements  in  nebuli/alion  technology  will  allow  ef- 
ficient, safe,  and  economical  delivery  of  aerosols  for  gene 
therapy  and  other  expensive  agents,  including  cancer  drugs, 
anti-inllammatories.  and  antibiotics.  The  use  of  nanopar- 
ticles,  liposomes,  and  microspheres  have  all  been  described 
to  enhance  inhaled  drug  delivery,  and  improvements  in 
formulations  are  anticipated  as  the  physics  of  nebulization. 
ihc  interaction  between  the  drug  particle  and  the  patient, 
and  the  action  of  the  drui;  at  Ihe  cellular  le\el  become 


better  understood.  Most  changes  ui  nebuli/er  iherap)  will 
come  from  refining  existing  therapies  and  technologies, 
adapting  them  to  suit  the  life  and  lifestyle  of  the  patient. 
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Discus.sion 

Geller:  Thank  you.  Peter,  for  an  e,\- 
cellent  look  into  the  future.  I  had  a 
comment  on  one  of  your  earHer  points, 
on  fashion  and  function.  An  example 
of  that  was  the  ultrasonic  nebulizers 
used  for  high-dose  tobramycin  a  few 


years  ago.'  They  found  that  lung  func- 
tion went  up  quite  a  bit  in  cystic  fi- 
brosis patients,  but  it  didn't  catch  on. 
Part  of  that  might  have  been  the  ex- 
pense of  the  drug,  but  the  drug  ue 
have  today  is  also  expensive.  I  think 
the  other  part  is  that  the  ultrasonic  was 
a  bi'j.  bulkv  nebuli/er.  and  it  wasn't 


very  easy  to  clean,  use.  and  maintain. 
Inhaled  high-dose  tobramycin  didti't 
catch  oil  uniil  ii  was  redone  in  a  much 
more  uscr-IViendly  way. 

Another  example  might  be  the  \\n- 
motcrol  Aerolizer  in  the  United  States. 
You  know  it's  a  great  drug,  but  I  don't 
think  it's  catching  on  very  rapidly,  be 
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causL'  it's  in  a  single-use  capsule  pow- 
der inhaler  that's  not  a  great  delivery 
system.  1  think  that's  a  fashion  state- 
ment for  patients  and  physicians  alike. 
So  1  think  that  is  important. 
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Barry:  It  may  be  that,  but  1  see  little 
evidence  that's  so.  We  may  think 
that — 1  certainly  think  that — but 
there's  very  little  trial  evidence.  I  be- 
lieve, that  says  that  that's  the  case. 

Dunne:  1  thought  I  heard  you 
differentiate  between  the  terms  "com- 
pliance" and  "adherence."  Did  I  hear 
correctly?  We  use  those  terms  inter- 
changeably in  the  United  States,  and 


maybe  we  need  to  be  a  little  bit  more 
specific  in  our  use. 

Barry:  This  inay  be  an  example  of 
our  2  nations  being  separated  by  a  com- 
mon language,  but  my  understanding 
is  that  "compliance"  is  the  number  of 
times  you  actually  take  the  medicine, 
compared  to  the  number  of  times  your 
physician  suys  to  take  it.  "Adherence" 
is  the  number  of  times  you  take  it  prop- 
erly, according  to  the  instructions  of 
use,  compared  to  the  number  of  times 
you  take  it.  To  confuse  it  even  more, 
you  multiply  the  2  together  to  get  "true 
compliance." 

Fink:  What  do  you  see  as  the  role 
of  inhaled  antibiotics,  and  where  do 
you  see  them  to  be  of  value  for  pedi- 
atric patients  such  as  the  CF  popula- 
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tion'.'  Is  there  a  role  for  antibiotics  for 
smaller  ventilated  infants'.' 


Barry:  Yes  and  no.  I  certainly  see  a 
role  for  it  in  my  CF  patients,  and  I 
regularly  use  it  as  a  way  of  reducing 
intravenous  antibiotic  use  among  CF 
patients.  We  don't  use  it  in  our  inten- 
sive care  population.  1  think  you  ha\e 
to  appreciate  how  pseudo-scientific  in- 
tensive care  is  sometimes.  I  think  we're 
concerned,  w  ithout  a  lot  of  good  evi- 
dence, about  the  risk  of  antibiotic  re- 
sistance in  our  intensive  care  popula- 
tion. The  reason  I'm  sort  of  a  bit 
embarrassed  about  that  is  because  we 
then  throw  around  systemic  antibiot- 
ics like  they're  sweeties.  1  can't  quite 
balance  up  those  2  approaches  and  say 
they're  both  logical,  because  neither 
of  them  are.  I  don't  think.  So  we  don't 
use  inhaled  antibiotics  in  the  intensi\  e 
care  unit  with  the  pediatric  popula- 
tion. It  may  be  different  over  here. 
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Most  physicians  and  respiratory  therapists  are  knowledgeable  of  the  use  of  aerosolized  drugs,  but 
many  are  less  familiar  with  the  performance  characteristics  of  the  nebulizer.  In  fact,  the  general 
opinion  is  that  the  performance  of  the  nebulizer  is  relatively  unimportant.  However,  there  is 
accumulating  evidence  that  the  nebulizer  itself  does  make  a  difference.  The  decision  to  replace  a 
good  performing  nebulizer  with  a  poor  performing  nebulizer  may  decrease  the  delivered  dose  in 
half  or  more.  Although  this  is  less  important  for  routine  bronchodilator  therapy,  it  may  make  a  big 
difference  with  newer  aerosolized  drugs.  Increasingly,  the  Food  and  Drug  Administration  is  ap- 
proving drugs  to  be  used  with  a  specific  nebulizer  brand  and  new  nebulizer  designs  are  becoming 
available  for  use  with  these  drugs.  There  are  several  reasons  why  I  think  this  conference  was 
important.  First,  new  aerosol  drug  formulations  are  becoming  available  and  these  will  require 
better  performing  nebulizers.  Second,  we  as  clinicians  need  to  be  knowledgeable  of  the  newer 
generations  of  nebulizers  so  that  we  can  make  informed  purchase  decisions.  Third,  and  perhaps 
most  important,  we  must  gain  an  increased  appreciation  for  aerosol  therapy  as  a  science.  The 
proceedings  of  this  conference  do  much  to  synthesize  the  current  state-of-the  art  related  to  new 
nebulizer  systems.  This  provides,  in  a  complete  and  cogent  manner,  the  scientific  basis  for  which 
clinicians  can  improve  their  knowledge  of  the  new  generation  of  nebulizers.  AVv  words:  nehulizdiion. 
aerosol  jet  nebulizer,  ultrasonic  nebulizer    | Respir  Cure  2002;47(  1 2 );  1 47 1  - 1 476] 


Introduction 

The  nebulizer  is  one  of  the  devices  most  commonly 
used  by  respiratory  therapists  (RTs).  Drugs  used  in  nchu- 
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lizers  have  undergone  intensive  scientific  scrutiny,  includ- 
ing studies  of  indications,  hazards,  complications,  and  treat- 
ment schedules.  Many  physicians  and  RTs  are  fluent  in  the 
mode  of  action  and  recommended  dose  of  nebulizer  drugs, 
but  most  are  ielali\ely  ignt)ranl  of  nebulizer  pcrtonnance 
characteristics.  Terms  such  as  mass  median  aerodynamic 
diameter,  dead  volume,  and  inhaled  mass  are  just  not  part 
of  the  lexicon  of  most  clinicians.  Nebulizer  selection  is 
usually  based  on  price,  and  Ihe  nebulizer  brand  may  be 
selected  by  the  purchasing  dcpaittiieni  rather  than  the  re- 
spiratory care  department,  linfoitunaiely.  the  general  sen- 
timent is  thai  il  does  not  uuiiter.  Contrary  \o  the  evidence, 
the  general  thinking  is  that  the  drug  can  be  placed  in  any 
nebulizer,  enough  flow  is  added  to  generate  an  aerosol, 
ami  Ihe  patient  simply  breathes  the  aerosol  for  10  minutes. 
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The  evidence  is  now  clear  lliat  the  nebulizer  does  make 
a  difference.  1  published  a  paper  more  than  5  years  ago  that 
illustrated  that  there  are  ct)nsiderable  differences  in  output 
among  commercially  available  nebulizers.'  The  decision 
lo  replace  a  good  performing  nebulizer  with  a  poor  per- 
forming nebulizer  may  decrease  the  delivered  dose  by  more 
than  half.  Perhaps  this  does  not  matter  for  routine  bron- 
chodilator  therapy,  but  it  can  make  a  difference  with  drugs 
that  are  now  becoming  available.  In  the  case  of  tobramy- 
cin, for  example,  it  could  mean  the  difference  between 
effective  therapy  and  ineffective  therapy  resulting  in 
pseudomonas  infection,  or  the  difference  between  effec- 
tive therapy  and  aminoglycoside  toxicity.  Increasingly,  the 
Food  and  Drug  Administration  is  approving  drugs  for  use 
with  specific  nebulizer  brands,  and  new  nebulizer  designs 
are  becoming  available  for  use  with  these  drugs. 

Why  a  Conference  on  Nebulizers? 

Some  might  wonder  why  an  entire  conference  devoted 
to  nebulizers  is  important  or  necessary.  In  fact,  some  might 
point  out  that  an  entire  conference  on  aerosol  therapy  was 
recently  devoted  to  this  topic-  There  are  several  reasons 
why  I  think  this  conference  was  important.  New  aerosol 
drug  formulations  and  delivery  devices  are  becoming  avail- 
able. In  addition  to  the  traditional  agents  to  treat  pulmo- 
nary airway  and  parenchymal  disease,  there  is  a  burgeon- 
ing interest  in  aerosol  medications  with  pulmonary  vascular 
effects  (vasodilators).'-"  systemic  effects  (insulin,^''  nar- 
cotics^**), and  genetic  effects  (gene  therapy).''"  As  Dr 
Geller  pointed  out  in  his  presentation,  there  are  3  principal 
driving  forces  behind  nebulizer  innovations:  ( 1 )  the  ban  on 
chlorofluorocarbon  propellants  commonly  used  in  metered- 
dose  inhalers,  (2)  the  inefficiency  of  existing  nebulizer 
designs,  which  is  particularly  an  issue  with  new  formula- 
tions, and  (3)  the  increasing  interest  in  using  the  inhalation 
route  to  deliver  drugs  to  the  circulation. 

As  clinicians  we  need  to  be  knowledgeable  about  the 
new  generation  of  nebulizers  so  that  we  can  make  in- 
formed purchase  decisions.  Perhaps  most  important,  we 
must  gain  an  increased  appreciation  for  aerosol  therapy  as 
a  science.  As  is  the  case  in  other  aspects  of  medicine,  our 
practice  of  aerosol  therapy  should  be  evidence-based.  As 
discussed  throughout  this  conference,  there  is  convincing 
evidence  that  the  choice  of  nebulizer  does  make  a  differ- 
ence, particularly  for  newer  devices  and  formulations. 

I  have  often  wondered  why  it  is  that,  while  we  want 
evidence  to  support  many  of  the  therapies  we  use,  we 
consider  nebulizers  as  gadgets.  We  need  to  get  away  from 
the  "bronchodilator  mentality"  in  which  the  choice  of  neb- 
ulizer is  generally  considered  unimportant.  We  need  to 
remember  that  the  formulation  is  worthless  when  com- 
bined with  an  ineffective  delivery  device.  Perhaps  this 
explains  the  lailcd  aerosol  sLnlaclaiit  tiial  foi'  acute  respi- 


ratory distress  syndrome."  '-  We  need  to  think  ot  the  neb- 
ulizer and  the  formulation  together  as  a  unit,  similar  to  the 
way  we  see  metered-dose  inhalers  and  dry  powder  inhal- 
ers, in  which  the  drug  and  device  are  packaged  as  a  single 
unit.  As  defined  by  Dr  Dennis  during  his  presentation,  the 
nebulizer  is  a  device  (sold  separately  from  the  drug  solu- 
tion) that  conveils  the  liquid  to  aerosol  droplets.  The  neb- 
ulizer system,  on  the  other  hand,  includes  the  nebulizer,  the 
formulation,  the  gas  that  powers  the  nebulizer,  anti  the 
patient  interface. 

As  clinicians  we  are  responsible  for  instructing  patients 
in  the  correct  use  of  nebulizers,  so  we  must  understand 
how  to  use  them  effectively.  As  pointed  out  by  Dr  Rubm 
in  his  presentation,  for  nebulizer  therapy  to  be  effective  the 
nebulizer  must  work  well,  the  nebulizer-patient  interface 
must  work  well,  and  the  patient  must  ""work  well,"  mean- 
ing that  the  patient  must  know  and  use  proper  technique. 
The  challenge  is  then  to  build  an  outstanding  nebulizer 
that  the  patient  will  use  correctly. 

The  presenters  in  this  conference  included  many  of  the 
world's  authorities  on  nebulizers  and  aerosol  therapy.  As 
seen  in  these  conference  proceedings,  nebulizer  designs 
are  becoming  increasingly  sophisticated.  To  paraphrase  a 
comment  made  by  Dr  Smaldone  during  the  conference,  we 
need  not  only  smart  nebulizers  but  also  clinicians  who  are 
informed  in  the  appropriate  use  of  these  devices.  For  me 
this  conference  has  made  many  nebulizer  issues  less  neb- 
ulous and  has  demystified  many  concepts  (please  excuse 
the  puns).  It  is  my  pleasure  to  summarize  this  conference. 

Background 

Dr  Rau  kicked  off  the  conference  with  a  thorough  dis- 
cussion of  the  design  principles  of  traditional  jet  and  ul- 
trasonic nebulizers  currently  in  widespread  clinical  use. 
He  pointed  out  that  many  factors  are  known  to  affect  jet 
nebulizer  performance,  and  he  distinguished  between  3  jet 
nebulizer  types:  constant  output,  breath-enhanced,  and 
breath-actuated  (dosimetric).  He  also  described  the  perfor- 
mance of  ultrasonic  nebulizers,  which  use  a  piezoelectric 
effect  to  produce  aerosol. 

Several  important  issues  were  discussed  after  Dr  Rau's 
presentation.  One  was  repeated  nebulizer  use  and  the  re- 
sulting performance  degradation.  Jet  nebulizers  are  typi- 
cally designed  as  single-patient-use  devices,  but  with  do- 
miciliary use  the  nebulizer  may  be  cleaned  and  reused 
hundreds  of  times,  .Another  issue  related  to  domiciliary  use 
is  compressor  performance.  Some  compressors  may  gen- 
erate inadequate  Hows,  and  even  the  best  performing  neb- 
ulizer may  perform  suboptimally  when  used  w  iili  a  poorly 
performing  compressor. 

In  his  presentation  Dr  Rau  presented  a  list  ol  desnable 
characteristics  foi-  a  nebulizer  for  clinical  use.  From  the 
ensuing  discussion  and  ihc  suhscquciu  prcscnlations  I  gcn- 
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Table  1.      Performance  Characleristics  of  an  Ideal  Nebulizer 

Reliable  performance:  independeni  ol  till  \olume.  Ilou,  power,  and 

vcntilator\  paltcrn 
Appropriate  panicle  size 
Simple  to  use  for  caregiver  and  patient 
Performance  independent  of  formulation  and  caixier  gas 
Operation  independent  of  position 
EITicient  dose  delivery 
Portable 

Multiple  dose  delivery 
Easy  to  clean,  difficult  to  contaminate 
Minimal  environmental  contamination 
Durable 

Quiet,  patient-lriendly 
Cost-effective 


erateti  a  list  of  the  characteristics  of  an  ideal  nebulizer 
(Table  I ).  However,  it  is  iniportatit  to  appreciate  that  there 
are  multiple  trade-offs  in  practice  and  no  device  is  likely  to 
meet  all  of  these  criteria. 

Dr  Maclntv  re  addressed  the  special  situation  of  deliv- 
ering an  aerosol  through  an  endotracheal  tube  (ETT).  As 
he  showed,  the  pathway  through  an  artificial  airway  is 
narrower  than  that  of  the  native  airway.  However,  it  is  well 
known  that  aerosol  can  be  delivered  through  an  ETT.  It  is 
generally  believed  that  aerosol  delivery  through  an  ETT  is 
inferior  to  delivery  through  the  native  upper  airway,  but. 
as  Dr  Maclntyre  pointed  out.  there  are  few  if  any  compar- 
ison data.  Moreover,  differences  can  be  miniinized  by  care- 
ful attention  to  the  details  of  aerosol  administration. 

As  also  pointed  out  by  Dr  Maclntyre,  tnuch  variability 
(5-40%)  of  dose  delivery  through  ETTs  has  been  reported. 
This  is  related  to  the  many  factors  known  to  affect  the 
delivered  dose,  including  ventilatory  pattern  and  timing, 
characteristics  of  the  carrier  gas  (humidity  and  density), 
nebulizer  performance  characteristics,  particle  size,  venti- 
lator and  circuit  properties,  and  ETT  size  (particularly  for 
neonates).  The  issue  of  aerosol  delivery  to  neonates,  which 
was  raised  during  the  discussion  after  Dr  Maclntyre"s  pre- 
sentation, is  a  special  problem  because  of  the  sinall  size  of 
the  ETT,  the  rapid,  shallow  breathing  pattern,  the  use  of 
ventilators  with  bias  t1ow.  and  the  use  of  high-frequency 
ventilators. 

Dr  Maclntyre  also  described  a  catheter  device  that  is 
passed  through  the  ETT  and  getierales  aerosol  at  the  distal 
tip  of  the  ETT.  thus  bypassing  all  of  the  issues  related  to 
delivering  the  aerosol  through  the  ETT.  The  role  of  that 
device  is  yet  to  be  deterinined.  Whether  it  will  be  tnosi 
useful  for  delivery  of  agents  such  as  bronchodilators  or 
agents  such  as  surfactants  remains  to  be  determined. 

Dr  Rubiti  addressed  issues  related  to  the  use  of  nebu- 
lizers in  children  and  provided  several  important  tips  for 
clinical  use  of  tiebulizers  in  that  age  group.  The  dose  of 


drug  placed  into  the  nebulizer  should  not  be  atljusted  for 
the  age  of  the  child.  He  also  pointed  out  that  nebulizer 
therapy  works  best  if  the  patient  is  breathing  quietly  (there 
is  about  75'~'(  greater  aerosol  delivery  if  the  child  is  breath- 
ing quietly).  Dr  Rubin  also  pleaded  with  cliniciatis  to  aban- 
don the  practice  of  blow-by  aerosol  therapy  for  infants,  as 
this  is  completely  ineffective. 

Dr  Rubin  pointed  out  that  there  are  a  number  of  factors 
that  affect  patient  and  family  compliance  with  nebulizer 
therapy,  including  the  cost  of  the  therapy,  poor  patient  and 
family  education  (in  which  RTs  can  play  a  key  role),  ad- 
verse effects  of  the  medications  (eg,  taste),  and  the  time 
requirements  for  the  therapy.  He  also  indicated  that  a  poor 
patient  response  to  nebulizer  therapy  may  be  the  result  of 
prescribing  the  wrong  drug  or  making  the  wrong  diagnosis. 

Professor  Dolovich  addressed  methods  to  assess  nebu- 
lizer perfortnance.  As  she  indicated,  there  are  a  number  of 
reasons  to  conduct  in  vitro  testing  of  nebulizers.  These 
include  testing  of  variability  in  manufacturing  between 
units,  assessing  temperature  changes  during  nebulization, 
assessing  drug  output  with  simulated  or  actual  breathing 
patterns,  and  particle  size  characteristics  of  the  aerosol 
generated.  Ideally  this  testing  should  be  conducted  under 
the  usual  conditions  of  use.  For  complete  assessment,  clin- 
ical response  data  are  necessary. 

A  variety  of  techniques  have  been  used  to  assess  neb- 
ulizer performance,  including  standing  cloud  tiieasurements 
and  unit  dose  collection.  Particle  size  can  be  determined 
using  a  cascade  impactor,  laser  diffraction  technique,  or 
liquid  impinger.  Measures  of  drug  output  from  nebulizers 
include  assessing  the  drug  content  in  the  aerosol,  assessing 
the  drug  content  remaining  in  the  nebulizer  after  the  de- 
livered dose,  and  gravimetric  techniques.  If  a  breathing 
pattern  is  used  to  assess  aerosol  delivery  from  a  nebulizer, 
this  may  be  a  simulated  breathing  pattern  or  an  actual 
breathing  pattern  and  may  simulate  a  normal  breathing 
pattern  or  a  disease  breathing  pattern. 

As  discussed  after  Professor  Dolovich 's  presentation, 
the  principal  advantage  of  in  vitro  assessments  of  nebu- 
lizer performance  is  in  cotiiparing  devices.  In  general,  in 
vitro  models  overestimate  in  vivo  aerosol  delivery  to  the 
lung.  Appreciating  the  liinitations  of  in  vitro  assessments 
of  nebulizer  performance,  these  are  likely  to  continue  to  be 
important.  This  is  particularly  important  as  new  nebulizer 
designs  become  available  and  their  performance  relative  to 
existitig  devices  needs  to  be  established. 

Dr  O'Riordan  discussed  the  issue  of  drug  romitilatioiis 
and  their  effects  on  nebulizer  performance.  The  formula- 
lions  placed  into  nebulizers  tnay  be  solutions,  suspensions. 
t)r  tianosuspensit)ns.  Characteristics  of  the  formulation  can 
affect  nebulizer  performance,  even  for  bronchodilators." 
Interestingly,  nebulizers  that  perform  poorly  with  solu- 
tions might  pertbrm  better  with  suspensions.  Characteris- 
tics of  the  formulation  that  might  affect  nebulizer  perfor- 
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Decreasing  value 


Cost 

Fig.  1.  Value  Is  the  relationship  between  quality  and  cost.  High 
value  occurs  when  quality  is  high  and  cost  is  low. 


niance  include  vi)liitility.  isotonicity.  and  viscosity.  The 
torimilation  can  also  affect  patient  tolerance,  such  as  with 
alcohol  versus  propylene  glycol  solvents. 

As  indicated  by  Dr  O'Riordan.  there  is  increasing  in- 
terest in  deli\'ering  aerosolized  liposomes  into  the  lung,  to 
increase  nebuli/cr  output  of  medications,  potentially  in- 
crease the  residence  time  in  the  airway,  and  as  vectors  for 
aerosolized  gene  therapy,  hi  the  case  of  liposomes  the 
nebulizer  may  affect  the  formulation.  For  example,  lipo- 
somes may  be  affected  by  shear  stress  in  a  traditional  jet 
nebulizer  or  heat  in  an  ultrasonic  nebulizer.  As  new  neb- 
ulizer formulations  become  available,  the  nebulizer/for- 
mulation interaction  will  probably  become  increasingly 
important. 

Mr  Dunne  addressed  issues  related  to  the  cost-effective- 
ness of  nebulizer  therapy.  He  suggested  that  the  principles 
of  pharmacoeconomics  can  be  applied  to  nebulizer  ther- 
apy. He  then  described  some  economic  analysis  and  its 
application  to  nebulizers,  including  cost-effectivenes.s,  cost/ 
benefit,  and  cost/utility.  Mr  Dunne  suggested  that  there  are 
several  barriers  to  the  clinical  acceptance  of  a  new  gener- 
ation of  nebulizers  that  have  a  higher  unit  cost  than  cin- 
rcntly  used  devices.  First,  traditional  nebulizers  are  inex- 
pcnsi\e  and  their  limitations  are  accepted  by  clinicians. 
ScciMid  is  the  issue  of  caregiver  indifference — the  so-called 
"bronchodilator  mentality"  mentioned  above. 

Acceptance  ot  a  new  generation  of  nebulizers.  v\hich 
arc  likely  to  ha\e  a  higher  unit  cost  than  presently  avail- 
able devices,  will  challenge  the  pn)\  incial  myopia.  That  is. 
we  will  need  to  look  at  the  overall  \alue  ol  the  nebulizer. 
Value  is  the  rclatii)nship  between  iiuaiils  and  cost  (Fig.  1 ). 
High-value  nebulizers  will  be  those  that  greatly  increa.se 
the  quality  ot  patient  care  for  a  small  increase  in  cost. 
Furthermore,  cost  includes  moic  than  just  the  price  of  the 
de\  ice.  It  also  includes  issues  such  as  the  cost  of  training 
caregivers  in  the  use  of  the  de\  ice.  teaching  patients  how 
to  use  the  device  correctly,  and  the  impact  of  the  device  on 
other  important  issues  affecting  cost,  such  as  hospital  days. 

■After  Mr  Duiuic's  presentation  an  interesting  discussion 
ensued  about  caregiver  protection  during  nebulizer  ther- 


apy. This  issue  has  generated  some  interest  since  the  rec- 
iignition  of  a  higher  risk  of  asthma  among  RTs.  which  was 
speculated  to  be  due  to  repeated  exposure  to  bronchodila- 
tor aerosol.'-*  This  concern  has  been  more  or  less  dis- 
missed by  RTs.  There  has  been  concern  related  to  aero- 
solized pentamidine  and  ribavirin,  and  caregiver  protection 
is  recommended  when  those  agents  are  administered.  This 
concern  has  resurfaced  with  the  increasing  use  of  other 
aerosolized  drugs,  such  as  antibiotics.  Of  concern  is  that 
repeated  low-level  exposure  to  these  agents  could  contrib- 
ute to  future  drug  resistance.  There  is  also  concern  regard- 
ing the  potential  for  exposure  to  other  drugs  under  devel- 
opment, but  the  extent  of  that  risk  is  not  fully  known. 
However,  it  seems  prudent  to  consider  caregiver  exposure 
when  nebulizers  are  developed  for  new  drug  formulations. 
Unfortunately.  Dr  Robert  Meyer  from  the  Food  and 
Drug  Administration  was  not  able  to  attend  the  confer- 
ence. In  his  absence,  the  attendees  discussed  regulatory 
issues  related  to  nebulizers.  Traditionally,  nebulizers  and 
the  drug  formulations  used  in  nebulizers  were  developed 
by  separate  manufacturers.  That  is  quite  different  than  the 
development  of  metered-dose  inhalers  and  dry  powder  in- 
halers, in  which  the  drug  and  delivery  svstem  is  considered 
a  drug-device  combination.  Increasingly,  however,  new 
drugs  for  inhalation  are  asses.sed  as  drug-device  combina- 
tions. A  recent  example  is  that  of  nebulized  tobramycin,  in 
which  the  drug  was  approved  for  use  with  a  PARI  nebu- 
lizer. In  the  future,  it  is  likely  that  new  drugs  for  inhalation 
and  the  nebulizers  used  with  those  dr.gs  will  be  assessed 
as  drug/device  combinations.  This  creates  potential  prac- 
tical issues.  Imagine,  for  example,  that  a  drug/nebulizer 
combination  is  approved,  but  the  drug  and  the  nebulizer 
are  provided  by  different  manufacturers.  What  happens  if 
the  nebulizer  is  discontinued'  Depending  on  the  clinical 
importance  of  the  drug,  this  could  potentially  have  cata- 
strophic results. 

New-Generation  Nebulizer  Designs 

Drs  Geller.  Dhand.  Gomez,  and  Smaldone  descrioed  the 
designs  and  performance  of  the  new  generation  of  nebu- 
lizers, which  was  a  particularly  difficulty  assignment  be- 
cause there  is  very  little  in  the  peer-reviewed  literature 
describing  these  devices  and  much  of  what  is  known  is 
proprietary.  Becau.se  these  devices  are  in  various  stages  of 
development,  the  amount  of  information  a\ailable  in  the 
public  ilomain  is  limited.  These  reports  presented  more 
detailed  information  on  these  devices  than  is  available 
anywhere  else  in  the  literature. 

Dr  Geller  described  systems,  such  as  Respuuai  and 
AERx.  that  create  aerosols  by  forcing  pressurized  liquids 
through  orifices.  Dr  Dhand  described  systems,  such  as 
those  by  Aerogen  and  Omron.  that  use  vibration  to  force 
liquids  through  multiple  orifices.  Dr  Gomez  described  sys- 
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Table  2.      Common  Characloristics  of  the  Nov\  Goricralion  of 
Nebulizers 

Role  10  be  defined:  hronchodllators  or  new  fonnulalions' 

Effieieni:  large  dose  in  small  unie;  much  larger  dose  than  traditional 
nebulizer 

Minimal  dead  \oluine 

Independent  of  compressor;  self-po«ered 

Small  and  portable 

Can  nebulize  a  wide  \ariet\  of  formulations;  some  are  formulation- 
specific 

Breath-actuated 


terns  that  use  electric  fields  to  pioduce  ueiosuls.  Dr  Siiial- 
done  described  "smart"  nebulizer  designs,  including  the 
AeroEclipse.  HaloLite,  and  AKITA.  There  are  a  number 
of  characteristics  that  these  devices  have  in  common,  as 
shown  in  Table  2. 

In  his  presentation  Dr  Smaldone  discussed  the  impor- 
tance of  matching  the  performance  of  the  nebulizer  to  the 
physiology  of  the  patient.  Although  this  should  go  without 
saying,  it  occurs  to  me  that  this  is  not  often  considered 
when  choosing  a  nebulizer.  As  clinicians  we  match  ven- 
tilator settings  to  the  physiology  of  the  patient,  and  we 
match  oxygen  delisery  devices  to  the  physiology  of  the 
patient,  so  of  course  we  should  match  the  nebulizer  to  the 
physiology  of  the  patient. 

Standardization  and  the  Future 


Is  it  cost  effective?  '^° ^ 
Yes 


Yes 


Is  it  clinically  useful? 


No 


z 


z 


Yes  No 

Is  it  technically  possible? 

Fig.  2.  Three  criteria  should  be  assessed  when  a  new  device  is 
considered.  We  should  adopt  new  technologies  that  are  techni- 
cally feasible,  clinically  useful,  and  cost-effective. 

A  Few  Final  Thoughts 

I  will  complete  my  summary  by  referring  to  a  concept 
introduced  by  Dr  David  Pierson  when  he  summarized  a 
Respirator'i-  Care  Journal  Conference  many  years  ago.''^ 
New  nebulizers  will  certainly  be  developed.  As  clinicians, 
we  need  to  consider  3  issues  related  to  these  new  devices. 
First,  is  the  concept  technically  possible?  Second,  is  the 
concept  clinically  useful'.'  And,  finally,  is  the  concept  cost- 
effective?  We  should  adopt  the  use  of  equipment  that  is 
technically  feasible,  clinically  useful,  and  cost-effective 
(Fis.  2). 


Dr  Dennis  discussed  issues  related  to  standardization  of 
testing  methods  for  nebulizers.  Although  such  standards 
do  not  currently  exist  in  the  United  States,  they  ha\e  been 
developed  in  Europe.  The  British  standards  were  published 
in  1994,  and  the  European  standards  were  published  in 
2001 .  By  and  large  these  are  type-testing  standards  and  do 
not  in\olve  clinical  testing.  There  are  also  European  Re- 
spiratory Society  nebulizer  guidelines,  which  are  evidence- 
based  and  match  nebulizer  output  data  to  the  drug  and  the 
patient. 

As  the  final  presentation  of  the  conference,  Dr  Barry 
discussed  the  future  of  nebulization.  He  identified  3  issues 
that  need  to  be  addressed  when  de\eli)ping  future  gener- 
ations of  nebulizers.  We  need  to  find  ways  to  improve 
patient  compliance,  and  unfortunately  little  is  known  today 
about  how  to  do  that.  New  formulations  w  ill  be  developed 
and  we  will  need  the  appropriate  nebulizers.  We  need  to 
develop  better  nebulizers  that  are  smaller  and  more  por- 
table, that  provide  \alue-added  features,  and  that  allow- 
more  precise  and  reproducible  drug  deliver) .  Increasingly 
we  need  to  consider  the  nebulizer  and  the  drug  as  a  unit. 
In  fact,  therapy  may  be  ineffective  if  a  great  inhalable  drug 
is  coupled  with  a  poorly  performing  nebulizer. 
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Respiratory  Care:  Principles  &  Practice 

Dcaii  R  Hess  Fill)  RRI  lAARC.  Neil  R 
Maelntyre  MD  FAARC.  Shelley  C  Mishoe 
PhD  RRT  FAARC.  William  F Calvin  MSEtl 
RRT  CPFT.  Alexander  B  Adanis  MPH  RRT 
FAARC.  Allan  B  Sa[X)sniek  MS  RRT.  Phil- 
adelphia: \VB  Saiindets.  2(K)2.  Hard  co\er, 
illustrated.  1.289  pages.  S75. 

Respirator)  Care:  Principles  &  Prac- 
tice is  a  substantial  leMhook  (o\er  1,2()() 
pages  and  800  illustrations)  for  respiratory 
care  students.  The  eo-editors  and  authors 
represent  some  of  the  most  prominent  con- 
tributors lo  the  field  of  respiratoPi  care  prac- 
tice. The  book  is  divided  into  5  sections. 
Part  I  provides  a  broad  foundation  for  our 
practice  in  its  social,  economic,  and  politi- 
cal context.  The  7  chapters  in  this  section 
describe  the  history  of  the  respiratory  care 
profession  and  its  place  within  the  wider 
critical  care  community.  In  addition,  the 
transformation  of  the  respiratory  therapist 
(RT)  over  the  past  ?()  years  is  placed  w  ilhin 
the  dynamic  context  of  an  evolving  (some 
would  argue  devolving)  American  health 
care  system.  From  this  follow  chapters  that 
address  the  wide-ranging  skills  required  of 
the  modem  practitioner:  critical  thinking. 
ethics,  communication,  decision  making  and 
consulting,  patient  education,  medical  doc- 
umentation, outcome  assessments,  health 
care  reimbursement  issues,  and  accessing/ 
evaluating  the  medical  literature. 

Skills  in  the  applied  sciences  that  lay  the 
foundation  for  respiratory  care  practice  are 
treated  in  Part  II.  This  includes  chapters  on 
applied  mathematics,  physics,  chemistry, 
microbiology/infection  control,  cardiopul- 
monary anatomy/physiology,  and  pharma- 
coloav.  Part  III  covers  the  broad  array  of 
assessment  skills  and  technologies  required 
of  the  RT.  There  are  12  chapters,  which 
describe  the  physical  examination  and  med- 
ical history  acquisition,  blood  chemistry/ 
hematology,  arterial  blood  gas  analysis,  nu- 
tritional as.sessmenl/support.  cardiac  assess- 
ment, thoracic  imaging,  pulmonary  function 
testing,  hemodynamic  and  gas  exchange 
function,  exercise  assessment,  fiberoptic 
bronchoscopy,  sleep  assessment,  and  infant 
apnea  monitoring.  Part  IV  introduces  the 
student  to  respiratory  care  therapeutics  and 
covers  medical  gases,  various  forms  of  ox- 
ygen and  aerosol  therapy,  secretion  clear- 


ance techniques,  airway  management,  car- 
diopulmonary resuscitation,  adult  and 
neonatal  mechanical  ventilation,  noninva- 
sive mechanical  ventilation,  "alternative 
site"  mechanical  veiuilalion.  and  noncon- 
ventional  respiratory  therapies  such  as  ni- 
tric oxide,  prone  positioning,  and  tracheal 
gas  insufflation. 

With  that  groundwork  laid,  the  final  14 
chapters  (Part  V)  cover  the  general  princi- 
ples of  disease  management  and  discuss  the 
specific  aspects  of  managing  asthma, 
chronic  obstructive  pulmonary  disease,  in- 
terstitial lung  disease,  pulmonary  vascular 
disease,  pneumonia,  cystic  fibrosis,  acute 
lung  injury,  postoperative  respiratory  com- 
plications, cardiac  failure,  chest  trauma, 
burns/inhalation  injuries,  neuromuscular 
dysfunction,  sleep  apnea,  and  lung  cancer. 

The  basic  format  of  each  chapter  is  de- 
signed to  assist  the  student's  task  of  assim- 
ilating the  substantial  amount  of  infomia- 
tion  necessary  to  become  a  competent  RT. 
Whenever  possible,  topics  are  segmented 
into  concise,  highly  focused  chapters.  The 
editors  have  employed  various  standard  for- 
matting and  organizational  techniques,  such 
as  providing  an  outline,  clear  learning  ob- 
jectives, and  key  terms  on  the  first  page  of 
each  chapter.  A  liberal  use  of  discrete  in- 
foniiation  boxes  provide  concise  examples 
of  complex  concepts,  reinforce  important 
points  made  in  previous  sections,  and  sum- 
marize key  points  made  in  each  chapter. 
New  terms  are  always  introduced  in  bold- 
face for  easy  identification  and  reference. 
There  are  ?i  detailed  appendixes  that  pro- 
vide a  formulary  of  common  respiratory 
drugs,  algorithms  for  basic  and  advanced 
cardiopulmonarv'  life  support,  electrocardio- 
gram interpretation,  and  a  glossary  of  over 
9(K)  temis.  In  addition,  the  publisher  offers 
access  to  their  Web  site,  which  provides 
both  teaching  aids  to  instructors  and  links  to 
medical-related  Web  sites. 

In  preparing  this  review  I  relcrrcd  back 
to  what  I  consider  the  gold  standard  of  com- 
prehensive respiratory  care  textbooks: 
Ei^an  's  Fimdcimenltils  of  Respiraton  Cure 
(7lh  edition).  In  comparing  the  two  books.  I 
was  very  impressed  with  this  newest  offer- 
ing by  Hess  et  al.  Although  the  general  stmc- 
ture  and  content  of  the  2  books  were  simi- 
lar.   I    personally    found    the    specific 


presentation  strategy  of  Hess  et  al  better 
suited  to  students'  needs.  As  an  example, 
acute  lung  injury  is  di.scussed  in  Egan's  text- 
book in  the  same  chapter  as  cardiogenic  pul- 
monary edema  and  iiuilliplc-organ  system 
failure.  Tangentially.  Hgan  lacks  a  discrete 
chapter  dealing  with  the  critical  issue  of  car- 
diac failure  and  its  impact  on  pulmonary 
function.  This  results  in  a  needlessly  com- 
plicated presentation  for  instructors  to  clar- 
ify (and  .students  to  "digest"),  and  thus  rep- 
resents a  pedagogic  faux  pax.  In  contrast, 
the  chapter  on  acute  lung  injury  in  Re.spi- 
ratory  Care:  Principles  &  Practice  is 
exceptional  and  elforllcssly  places  the  stu- 
dent within  the  clinical  context  of  the  dis- 
ease and  its  management.  Likewise,  the 
chapter  on  cardiac  failure  moves  smoothly 
from  a  discussion  of  cellular  function  and 
organ-system  physics  to  cardiopulmonary 
physiology  and  disease  management. 

In  general,  I  found  the  writing  style  in 
the  Hess  et  al  text  more  straightforward.  As 
an  example,  Egan's  discussion  of  pulmo- 
nary function  testing  wends  its  way  over  2 
pages  toward  a  description  of  basic  lung 
volumes  and  capacities  by  first  discussing 
the  purpose  of  testing,  the  organization  of 
the  laboratory,  and  the  equipment.  In  con- 
trast, the  corresponding  chapter  in  Respira- 
tory Care:  Principles  &  Practice  begins 
with  2  concise  introductory  paragraphs.  Al- 
most immediately  afterwards  one  finds:  "A 
lung  capacity  is  2  or  more  lung  volumes.  Of 
the  8  lung  volumes  and  capacities.  4  pro- 
vide the  most  useful  information."  This  di- 
rect writing  style  and  straightforward  pre- 
sentation of  material  pcmieate  the  book.  Do 
not  construe  my  criticism  to  imply  that  the 
writing  in  Fgan  is  poor.  Rather  that,  from  a 
pedagogic  standpoint  (given  the  immense 
amount  of  material  that  must  be  mastered), 
the  respiratory  care  student  (and  instructor) 
is  better  served  by  writing  and  editing  that 
consciously  strive  to  lend  a  ccilain  "imme- 
diacy" to  the  material. 

When  one  must  spend  hours  hovering 
over  black-and-white  text,  tables,  photo- 
graphs, and  diagrams,  a  subtle  visual  fa- 
tigue can  limit  study  endurance.  This  be- 
came apparent  to  me  by  the  very  soothing 
effect  that  the  modest  application  of  color 
had  on  the  readability  of  Respiratory  Care: 
Principles  &  Practice.  In  general.  I  found 
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the  design  of  tables  and  illustrations  to  be  ol' 
high  quality.  This  hard-cover  book  is  made 
with  lii;jli-t|ualil\  paper  and  a  strong  woven 
bnidnig  and  appears  to  be  very  durable. 

In  my  opinion.  Respiratory  Care:  Prin- 
ciples &  Practice  is  intended  as  a  challenge 
to  ivgan's  status  (and  market  share)  as  the 
preeminent  comprehensive  textbook  of  re- 
spiratory care.  As  such,  it  is  modeled  on  a 
very  successful  formula  and  in  some  subtle 
but  important  ways  has  improsed  upon 
Egan.  I  think  Hess  et  a!  should  be  com- 
mended for  creating  a  worthy  addition  to 
the  respiratory  care  literature.  Respiratory 
Care:  Principles  &  Practice  should  be  con- 
sidered seriously  by  educators,  students,  and 
practitioners  seeking  a  well  written  compre- 
hensive text. 

Richard  H  Kallet  MSc  RRT  FAARC 

Research  and  Education 

Respiratory  Care  Services 

San  Francisco  General  Hospital 

University  of  California.  San  Francisco 

San  Francisco.  California 

Long-Term  Mechanical  Ventilation. 

Nicholas  S  Hill,  editor.  (Lung  Biology  in 
Health  and  Disease.  Volume  152.  Claude 
Lenfant.  executive  editor.)  New  York/Basel: 
Marcel  Dekker.  2001.  Hard  cover,  illus- 
trated. 554  pages.  $195. 

The  last  10  years  have  seen  major 
progress  in  the  management  of  patients  on 
long-term  ventilatory  support.  This  has 
largely  been  due  to  development  of  nonin- 
vasive ventilation  modalities  that  allow  a 
greater  number  of  patients  to  be  treated  at 
home.  There  have  been  a  number  of  tech- 
nical developments  in  the  application  of  ven- 
tilatory support,  especially  with  the  intro- 
duction of  improved  \entilators  for  the 
delivery  of  noninvasive  ventilation  and  im- 
provements in  the  design  of  patient/ventila- 
tor interfaces. 

Thus  this  book  on  long-term  mechanical 
ventilation  is  particularly  welcome  and  is  a 
very  up-to-date  account  of  this  rapidly  de- 
veloping field.  The  book  is  part  of  the  Lung 
Biology  in  Health  and  Disease  series  and  is 
a  collectiim  of  reviews  by  experts  on  vari- 
ous aspects  of  the  topic.  The  majority  of  (he 
contributors  are  from  North  .-Xmerica.  and 
this  is  reflected  in  the  slant  of  the  bimk. 
which  largely  reflects  practice  in  the  L'nited 
States.  However,  there  are  a  few  chapters 
by  European  authors. 

The  book  starts  with  an  excellent  chapter 
on  the  epidemiology  of  long-term  ventila- 


tion and  includes  useful  infonnation  on  prac- 
tice in  a  number  of  countries  outside  of  Noilh 
•America,  such  as  France,  where  the  practice 
of  home  ventilation  has  been  particularly 
well  organized  with  the  Association  Feder- 
ative Nationale  pour  le  Traitement  a  Domi- 
cile de  L'Insuffisance  Respiratoire 
Chronique  (ANTADIR).  To  date,  informa- 
tion is  available  on  relatively  few  countries, 
but  the  figures  provided  already  show  the 
wide  variability  in  prevalence  of  patients 
treated  outside  the  home.  There  are  then  3 
mainly  physiologic  chapters  (which  are  ex- 
cellent in  content  and  very  clearly  written) 
on  pathogenesis  of  chronic  respiratory  fail- 
ure and  effects  on  the  controversial  subject 
of  respiratory  muscle  function.  These  are 
followed  by  discussion  of  the  effects  of  me- 
chanical ventilation  on  sleep  and  the  upper 
airway.  Then  the  book  covers  the  various 
conditions  that  can  be  treated  with  long- 
temi  ventilatoi7  support,  and  there  is  a  par- 
ticularly useful  section  on  various  neuro- 
muscular diseases.  There  is  brief  mention 
of  obesity  hypoventilation  syndrome,  which 
is  an  increasing  problem.  The  need  for  larger 
and  longer-term  clinical  trials  of  noninva- 
sive ventilatory  support  for  patients  with  hy- 
percapnic  chronic  obstructive  pulmonary 
disease  is  stressed,  as  is  the  need  to  include 
appropriate  outcomes  and  a  health  economic 
analysis. 

In  addition  to  the  application  of  ventila- 
tory suppoit  in  adults,  pediatric  ventilatory 
suppoil  is  incieasing,  and  many  pediatric 
patients  will  continue  to  adulthood  and  be- 
come the  responsibility  of  adult  physicians. 
Thus  the  section  on  pediatric  issues  is  wel- 
come, and  it  is  very  informative.  The  book 
continues  with  more  practice-oriented  chap- 
ters on  managing  invasive  and  noninvasive 
mechanical  v  entilalion.  There  are  some  v  ery 
useful  pictures  of  available  ventilators, 
masks,  and  headgear  for  noninvasive  ven- 
tilation. This  chapter  also  contains  the  best 
account  1  have  read  of  the  various  compli- 
cations associated  with  noninvasive  venti- 
lation, such  as  problems  related  to  the  pa- 
tient interface,  complications  related  to  air 
pressure  and  flow,  patient  intolerance  of  the 
ventilator,  air  leaks,  and  rebreathing  prob- 
lems. There  is  also  some  mention  ot  nega- 
tive-prcssure  ventilation,  though  these 
modes  of  ventilation  now  have  less  impor- 
tance and  are  used  in  relatively  few  centers 
in  North  .•\nterica  and  Europe.  Conversion 
from  invasive  to  noninvasive  ventilation  is 
an  important  topic  that  is  covereil  well,  and 
I  enjoyed  reading  the  chapter  on  lespiratory 


muscle  aids  and  mouthpiece  ventilation.  A 
good  technical  chapter  on  ventilators  in- 
cludes some  very  clear  and  useful  diagrams 
and  descriptions  of  the  more  commonly  used 
equipment.  There  are  then  chapters  on  health 
care  networks  and  issues  related  to  weaning 
from  long-term  ventilation  and  approaches 
to  rehabilitation.  The  section  on  costs  and 
reimbursement  issues  is  mainly  applicable 
to  North  America,  but  provides  useful  data 
on  home  care  for  other  readers.  The  book 
concludes  with  2  chapters  on  outcome  of 
mechanical  ventilation,  the  first  relating  to 
general  issues  such  as  survival  and  physio- 
logic outcomes,  and  the  last  chapter  de- 
scribes the  measureinent  of  health  status  in 
this  patient  group  and  discusses  some  of  the 
available  disease-specific  instruments.  It  is 
clear  that  future  studies  will  need  good  as- 
sessment of  health  status  as  one  of  the  pri- 
mary outcome  measures. 

I  have  only  a  few  small  criticisms  of  the 
text,  and  one  of  these  is  the  content  overlap 
between  the  chapters,  but  such  overlap  is 
almost  inevitable  in  a  collection  of  reviews. 
Monitoring  of  ventilation  was  covered  in 
several  chapters:  it  could  have  been  covered 
in  a  chapter  devoted  specifically  to  moni- 
toring, in  view  of  its  importance  in  manage- 
ment. Similarly,  health  status  was  covered 
in  both  of  the  last  2  chapters,  on  outcomes. 
I  was  disappointeu  not  to  read  more  on  the 
history  of  long-term  ventilation,  which  is 
particularly  interesting;  it  was  only  in  the 
pediatrics  chapter  that  a  substantial  amount 
of  historical  perspective  was  provided. 

Ethical  issues  are  becoming  an  increas- 
ing problem  for  anyone  involved  in  man- 
aging patients  on  long-tenu  ventilatory  sup- 
port, but  this  subject  is  addressed  relatively 
briefly,  in  only  a  few  of  the  chapters.  A 
section  dedicated  to  ethical  issues  would 
have  been  very  welcome.  In  this  era  of  in- 
creasing patient  involvement  in  care  deci- 
sions, it  would  have  been  fitting  to  have  a 
chapter  wiitten  by  a  patient,  to  provide  the 
patient's  perspective  and  ret|uirements. 

Long-Term  Mechanical  \  entilation 
will  be  of  interest  to  anyone  involved  in 
managing  patients  with  chronic  respiratory 
failure  requiring  long-term  ventilatory  sup- 
port, including  physicians,  nurses,  respira- 
toi7  therapists,  physiotherapists,  and  other 
clinicians.  The  book  will  also  be  of  use  to 
providers,  insurance  companies,  and  manu- 
facturers of  ventilator  equipment.  The  rapid 
dev  elopments  in  this  field  mean  that  the  book 
will  need  updating,  and  another  edition  will 
need  to  follow.  The  price  of  the  book  ($195) 
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is  relatively  expensive,  but  I  hope  that  il 
will  be  iiuiile  a\aiUihle  in  hospital  libraries, 
as  it  is  a  very  valuable  reterence  on  an  ini- 
poilant  topic. 

.ladwisa  A  ^\edzil•ha  MD 

Acadeinie  I 'nil  ol  Respiratory  Medieino 

St  Bartholomew's  and 

Ro\al  London  School  of  Medicine 

St  Rartholoniev\"s  Hospital 

London.  United  Kingdom 

Mechanical  Support  for  Cardiac  and  Re- 
spiratory Failure  in  Pediatric  Patients. 

Brian  V\'  Duncan  MD.  editor.  Foreword  by 
Richard  A  Jonas  MD.  New  York/Basel: 
Marcel  Dekker.  2001.  Hard  cover,  illus- 
trated. 369  pages.  $16.^. 

In  the  preface  to  Mechanical  Support 
for  Cardiac  and  Respiratory  Failure  in 
Pediatric  Patient.s.  Brian  Duncan  sets  Ibrth 
the  goal:  "to  fill  a  void  in  the  current  liter- 
ature by  coiicisely  summarizing  the  state- 
of-the-art  of  mechanical  circulatory  support 
for  pediatric  cardiac  patients  in  a  single  vol- 
ume." The  \oid  in  current  literature  is  real. 
Though  there  Is  an  abundance  of  well-writ- 
ten reports,  published  in  respected  journals, 
of  experience  among  practitioners  at  vari- 
ous centers,  there  remains  a  paucity  of  gen- 
erali/able  knowledge  when  it  comes  to  the 
application  of  mechanical  circulatory  sup- 
port in  the  nonadult  population.  That  lack  of 
published  and  generalizable  information  re- 
flects the  challenge  Dr  Duncan  faced  in  ed- 
iting this  book;  compared  to  mechanical  cir- 
culatory support  in  the  adult  population,  our 
know  ledge  of  how  to  best  support  the  fail- 
ing (or  failed!  heart  in  the  neonatal  or  pe- 
diatric patient  is  (please  pardon  the  meta- 
phor) in  its  infanc). 

Tlie  causes  of  heart  failure  in  adults  are 
rather  limited:  infarction,  ischemic  disease, 
and  cardiomyopathy  are  the  usual  suspects. 
A  large  number  of  adult  patients  require 
and  receive  mechanical  support  for  failing 
heart,  which  also  means  there  is  a  substan- 
tial market  for  the  devices  currently  avail- 
able and  under  investigation.  That  is  not 
true  of  circulatory  support  lor  the  pediatric 
population,  among  which  the  causes  of  heart 
tailure  are  more  numerous  and  more  com- 
plex. Surgeons  now  surgically  correct  or  pal- 
liate congenitally  acquired  diseases  that 
many  considered  fatal  20  years  ago.  The 
variability  of  causes  and  effects  hinders  our 
ability  to  find  a  common  approach  to  inter- 
\ention. 


Dr  Duncan  rises  to  the  challenge  and  pre- 
sents a  v\ell-v\ritten  and  concise  summary 
of  a  moving  target:  the  "state  of  the  art"  ol 
mechanical  support  for  cardiac  and  respira- 
tory failure  in  pediatric  patients.  Chapters 
1-14  describe  all  ot  the  cunentlv  a\ailable 
modalities  ol  mechanical  support,  including 
extracorporeal  mcinhraiie  oxygenation 
(HCMO).  ventricular  assist  devices,  and  in- 
tra-aortic  balloon  pumps.  The  authors 
present  practical  information  with  a  "how 
to"  approach  to  initialing  support  and  man- 
aging these  patients.  Chapters  15-19  dis- 
cuss the  future  of  pediatric  circulatory  sup- 
port and  describe  new  devices  that  are  now 
or  may  soon  be  available.  The  final  chapter. 
"Myocardial  Remodeling  and  Thyroid  Reg- 
ulation in  the  Developing  Heart  During  Me- 
chanical Circulatory  Support."  by  Dr  Mi- 
chael A  Portman.  is  an  exquisite  discussion 
of  a  subject  ripe  for  clinical  research. 

Though  the  information  provided  is  of- 
ten very  technical,  the  perfusionist,  the  re- 
spiratory therapist,  the  nurse  who  functions 
as  an  ECMO  specialist,  and  the  physician 
with  an  interest  in  mechanical  circulatory 
support  will  find  the  book  very  readable. 
The  text  includes  information  that  is  useful 
to  respiratory  therapists  at  the  bedside  as 
well  as  to  perfusionists  and  ECMO  special- 
ists who  monitor  these  devices.  The  editor 
dedicates  one  fifth  of  the  chapters  to  man- 
agement of  the  patient/device  interface.  The 
book's  practical  approach  kept  me  interested 
for  the  entire  book  and  provided  insight  on 
how  to  manage  my  own  patients. 

The  material  covered  is  wide  ranging  and 
includes  the  most  common  mechanisms  of 
support;  this  is  both  a  benefit  and  a  distrac- 
tion, because  the  various  authors  repeat  in- 
formation in  some  chapters.  Several  authors 
cover  support  using  a  roller  pump,  and  sev- 
eral chapters  cover  support  using  a  centrif- 
ugal pump.  Though  there  are  many  nuanc- 
es— which  warrant  discussion — on  how 
different  folks  manage  these  devices,  the 
editor  should  not  have  included  repeated  de- 
scriptions of  how  the  devices  work.  Two 
chapters  ( 16  and  18)  cover  the  Medos  ven- 
tricular assist  device  (one  addresses  exper- 
imental development  of  the  device  and  one 
coversclinical  applications),  and  those  chap- 
ters covered  much  of  the  same  infomiation 
about  the  device.  The  same  is  true  of  Chap- 
ters 2  ("Centrifugal  Pump  Ventricular  As- 
sist Device  in  Pediatric  Cardiac  Surgery") 
and  8  ("Management  of  the  Ventricular  As- 
sist Device  Circuit  for  Pediatric  Cardiac 
Patient.s"). 


As  is  true  of  any  text  that  describes  man- 
agement techniques,  one  may  find  contro- 
versies. The  chapter  "The  Use  of  KCMO 
for  Cardiac  Support  in  Children  with  Non- 
cardiac  Disease"  states  that  "prolonged 
cardiac  arrest  requiring  cardiopulmonary 
resuscitation  for  more  than  .S  minutes"  ex- 
cIikIcs  the  use  i)i  IX'MO.  A  multitude  of 
practitioners  known  to  mc  would  simply 
not  accept  that  assertion. 

The  latter  controversies  do  not  diminish 
the  value  of  this  text,  but  rather  serve  to 
underscore  the  need  for  the  book  and  for 
continued  dialogue  and  research  into  how 
best  to  manage  these  patients.  The  authors 
provide  as  much  support  as  is  available  for 
their  conclusions,  some  of  it  based  on  data 
from  adult  populations,  some  of  it  based  on 
the  personal  experience  of  talented  individ- 
uals. As  most  of  my  experience  with  extra- 
corporeal support  has  been  with  roller 
pumps.  I  found  the  discussions  of  the  use  of 
centrifugal  pumps  and  other  devices  enlight- 
ening. I  am  sure  that  those  with  similar  ex- 
perience with  a  single  device  will  also  gain 
a  greater  understanding  of  how  other,  less 
familiar  devices  can  be  used. 

The  publisher.  Marcel  Dekker.  and  the 
editor  have  produced  an  extraordinary  book. 
I  discovered  no  typographical  errors,  and 
the  illustrations  support  and  improve  the  un- 
derstanding of  the  text.  The  references  are 
timely,  and  the  authors  of  both  the  chapters 
and  the  references  are  experts  in  the  topics 
covered,  which  is  notable  in  light  of  some 
authors'  propensity  to  quote  themselves  ex- 
tensively. Initially  I  thought  the  cost  of  the 
book  prohibitive,  but  the  information  in  it 
makes  it  a  great  investment,  especially  if 
one  desires  a  single  source  of  information 
on  the  state  of  the  art  of  mechanical  circu- 
latory support  in  the  pediatric  population. 

Douglas  R  Hansel!  RRT 

Extra  Corporeal  Life  Support  Services 

Children's  Hospitals  &  Clinics 

Minneapolis.  Minnesota 

New   Drugs  for  .Asthma,   .\llergy    and 

COPD.  frcNorl  H;msel  ;md  Peter  J  Barnes, 
editors.  (Progress  in  Respiratory  Research, 
Volume  .31.  Chris  T  Bolliger.  scries  editor.) 
Basel:  Karger.  2001.  Hardcover,  illustrated. 
389  pages.  $24.S.2.S, 

New  Drugs  for  Asthma,  /MIergy  and 
COPD  (chronic  obstructive  pulmonaiy  dis- 
ease) is  a  mastert'ully  crafted  text  with  the 
specific  aim  "to  offer  a  state-of-the-iirt  de- 
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scriptiiin  of  the  cxcitins;  progress  in  research 
and  development  that  is  being  made  with 
new  therapies  for  asthma,  allergy,  and 
COPD."  The  editors.  Trevor  Hansel  and  Pe- 
ter Barnes,  acknowledge  that  much  has  been 
written  on  these  topics  and  state  that  their 
intention  was  to  "link  biotechnology  and 
the  pharmaceutical  industry  with  academic 
and  clinical  opinions."  In  addition,  they 
wanted  the  infomiation  presented  in  a  "con- 
cise and  highly  condensed"  manner.  The 
end  result  is  a  unique  collection  of  up-to- 
date  and  (more  importantly)  clinically  rele- 
vant information  on  the  treatment  of  asthma, 
allergy,  and  COPD. 

The  book  is  a  collection  of  81  "ultra- 
concise"  chapters  from  over  200  contribut- 
ing authors  from  academic,  phaniiaceutical. 
and  clinical  settings.  It  addresses  "every  pos- 
sible dmg.  from  established,  commercially 
available  substances  to  compounds  in  their 
early  testing  phase."  The  book  is  in  14  sec- 
tions, based  on  pharmacologic  classification. 
For  example.  long-acting  /Bo  agonists  is  a 
subchapter  within  the  bronchodilator  sec- 
tion. The  only  exception  is  the  first  section, 
which  is  devoted  entirely  to  general  aspects 
of  pulmonary  medicine.  One  of  the  greatest 
challenges  with  the  "ultra-concise"  chapter 
format  is  the  limited  ability  to  adequately 
cover  basic  and.  more  importantly,  complex 
topics  (eg.  gene  therapy  and  therapies  act- 
ing on  transcription)  with  the  appropriate 
amount  of  detail.  This  was  accomplished  in 
several  ways.  With  the  exception  of  2  sec- 
tions ("Mediator  Inhibitors  and  Agonists," 
and  "Protease  Inhibitors"),  each  section  be- 
gins with  an  overview  chapter  that  provides 
background  infonnation  for  the  upcoming 
section.  The  overview  chapters  are  followed 
by  specific  chapters  that  focus  on  current 
and  future  medications  for  asthma,  allergies, 
and  COPD.  Each  chapter  begins  with  a  sum- 
mary paragraph  that  helps  set  the  stage  for 
that  chapter.  Complex  topics  are  often  best 
described  visually,  and  this  book  contains 
195  color  figures  and  72  tables  that  help 
illustrate  key  points.  Of  note  is  the  u[iifor- 
mity  of  figures  throughout  the  book  (eg.  all 
the  mast  cells  look  alike).  However,  oppor- 
tunities exist  to  enhance  certain  figures  and 
tables.  For  example,  tables  with  multiple 
concepts  (eg.  Table  2)  cotild  he  more  effec- 
tive with  distinct  separation  of  or  lines  be- 
tween columns  and  rows.  Figures  with  mul- 
tiple colors  (eg.  Fig.  3)  could  be  clarified  by 
using  a  color  key  to  distinguish  between 
treatment  groups. 


Each  chapter  is  well  referenced,  should 
the  reader  wish  to  investigate  topics  further. 

The  first  section  is  devoted  to  general 
aspects  of  pulmonary  medicine.  The 
"melting  pot"  of  topics  discussed  includes: 
"The  Need  for  New  Therapy."  "Current 
Therapy  for  Asthma."  "Current  Therapy 
for  COPD."  "Pharmacogenetics."  "Deliv- 
ery of  Biologies  to  the  Lung."  "Immuno- 
pathology:  Comparison  of  COPD  and 
Asthma."  "Monitoring  Lung  Function." 
"Airway  Hyperresponsiveness."  "Airways 
Remodeling,"  "Exhaled  Breath  Analysis," 
and  "Clinical  Studies  on  New  Drugs." 
The  concise  chapter  format  worked  well  in 
this  section,  given  the  book's  intended 
audience — practicing  physicians.  The  chap- 
ter "Immunopathology;  Comparison  of 
COPD  and  Asthma"  succinctly  summarizes 
the  often  misunderstood  differences  between 
these  similar  yet  very  distinct  pathologies. 
Sections  2-14  discuss  bronchodilators.  ste- 
roids, leukotriene  inhibitors,  mediator  inhib- 
itors and  agonists,  protease  inhibitors,  aller- 
gen- and  immunoglobulin  E-directed 
therapies.  T  cell  immunomodulation.  cyto- 
kine-directed  therapy,  chemokine  receptor 
inhibition,  adhesion  molecule  inhibitors,  in- 
hibition of  cell  signaling,  therapies  acting 
on  transcription,  and  genetic  therapy.  Each 
of  these  broad  section  topics  is  well  sup- 
ported by  chapters  on  the  most  current  and 
promising  future  treatments  for  asthma,  al- 
lergy, and  COPD. 

I  think  the  editors  met  their  primarv"  ob- 
jective. The  primary  focus  is  on  current  and 
future  drugs  for  asthma,  allergy,  and  COPD. 
The  "ultra-concise"  chapter  format  created 
a  book  that  is  useful  in  clinical  practice  be- 
cause the  infonnation  is  current,  accurate, 
and  efficiently  accessible.  The  plethora  of 
figures  and  tables  were  well  thought  out 
and  enhanced  my  understanding  of  the  var- 
ious topics.  This  book  w  ill  be  o\  benefit  to 
practicing  physicians,  pulmonary  special- 
ists, phamiacists.  respiratory  therapists,  and 
nurses  w  ith  a  pailicular  interest  in  phanna- 
cology. 

David  Young  PharniD 

Department  of  Pharmacy  Practice 

University  of  Utah  College  of  Pharmacy 

Salt  Lake  City.  Utah 

Pleural  Disea.ses.  4th  edition.  Richard  W 
Light  MD.  Philadelphia:  Lippincott  Wil- 
liams &  Wilkins.  2(X)1.  Hard  cover,  illus- 
trated, 413  pages.  .SI  1.5. 


The  fourth  edition  of  Pleural  Di.sea,ses. 
by  Richard  W  Light  MD.  is  an  extensive 
review  of  its  topic  and  also  a  practical  guide- 
book for  pulmonologists  and  other  physi- 
cians who  take  care  of  patients  with  pleural 
diseases.  As  a  single-author  book  it  reflects 
Dr  Light's  many  years  of  clinical  experi- 
ence and  accumulated  knowledge. 

The  book  is  up  to  date,  covering  current 
topics  such  as  pleural  effusion  in  immuno- 
compromised hosts,  including  human  im- 
munodeficiency virus-related  diseases,  pleu- 
ral space  lymphoma,  and  complications  of 
bone  marrow  transplantation.  The  author  at- 
tempts to  give  the  reader  a  practical  ap- 
proach to  patients  with  the  pleural  disease 
under  discussion,  rather  than  simply  a  sum- 
mary of  the  evidence.  There  are  a  number 
of  questions  that  remain  unanswered  in  man- 
aging patients  w  ith  pleural  disease.  For  e.x- 
ample.  when  should  a  chest  tube  be  inserted 
for  borderline  parapneumonic  effusion?  and 
how  should  we  deal  with  malignant  pleural 
effusion?  The  author  tries  to  provide  clear 
answers  to  these  difficult  questions,  often 
using  algorithms.  Dr  Light  tries  to  include 
all  possible  causes  for  pleural  effusion,  even 
extremely  rare  diseases  such  as  Rocky 
Mountain  spotted  fever  or  atypical  myco- 
bacterial infection.  In  this  respect  the  book 
is  a  sort  of  encyclopedia. 

Chapters  1-3  c6ver  the  basics,  including 
anatomy,  physiology,  and  radiographic  ex- 
aminations. Chapter  4  deals  with  clinical 
manifestations  and  useful  tests.  reviev\ing 
pleural  fluid  analysis.  Chapter  5.  "Approach 
to  the  Patient."  includes  algorithms  for  how- 
to  work  up  undiagnosed  pleural  effusions. 
Chapter  6  reviews  the  clinical  manifesta- 
tions of  diseases  that  cause  U"ansudative  ef- 
fusions, and  Chapters  7-20  cover  the  clin- 
ical manifestations  of  diseases  that  cause 
exudative  effusions.  Included  are  metastatic 
malignancv.  primarv'  pleural  tumor,  bacte- 
rial infection,  tuberculosis  (TB).  fungal  in- 
fection, parasitic  infection,  \iial  infection, 
pulmonary  embolism,  diseases  of  the  gas- 
trointestinal tract,  cardiac  disorders,  effu- 
sions encountered  in  obstetrics  and  gyne- 
cology, collagen  vascular  diseases,  drug 
reactions,  and  miscellaneous  diseases. 

Chapters  21-24  are  dexcHed  to  pneumo- 
thorax, hemothorax,  chylothorax.  and  other 
pleural  diseases,  including  asbestos-related 
disease.  Procedures  such  as  thoracentesis 
and  pleural  biopsy,  chest  tubes,  and  thora- 
coscopy ;ire  covered  in  Chapters  25-27. 

If  1  were  to  offer  a  criticism  oi'  this  hook. 
It  woukl  be  about  the  \\a>  the  authiir  pre- 


1480 


Rlspiratoky  Care  •  December  2002  Vol  47  No  12 


Books,  Films,  Tapes,  &  Sofiwark 


sents  the  reccinimendcd  approach.  The  ap- 
proaehes  lend  to  be  doyinalic.  For  example, 
regarding  the  role  of  adenosine  deaminase 
(ADA)  measurement  in  making  a  diagnosis 
of'TB.  data  from  many  obser%  ational  stuil- 
ies  sLippon  the  iitilit\  of  .AD.A  measurement 
for  making  the  diagnosis  of  TB  pleuritis. 
However,  the  evidence  in  tho.se  articles  is 
not  strong  enough  to  make  ADA  an  ac- 
cepted standard.  Based  on  what  is  stated  in 
Pleural  Diseases  we  can  make  a  diagnosis 
of  TB  pleuritis  if  the  pleural  fluid  ADA 
is  >  70  units/L  and  the  lymphocyte-to-neu- 
trophil  ratio  is  >  0.75.  In  this  Dr  Light  may 
or  may  not  be  correct.  M\  point  is  that  we 
ha\e  to  be  mindful  of  the  e\  idence  behind 
his  recommendation.  The  article  cited  for 
the  lymphocyte-to-neutrophil  ratio  he  used 
is  just  one  among  several  published  on  that 
topic. 

The  book's  hard  cover  is  neatly  illus- 
trated v\  ith  an  impressive  but  not  too  vivid 
\ellou  color.  Tfie  illustrations  for  proce- 
dures such  as  thoracentesis,  chest  tube  in- 
sertion, and  pleural  drainage  systems  are  ex- 
cellent, being  nicely  drawn  to  facilitate 
understanding,  especially  for  beginners. 
However,  tables  and  figures  are  few  and 
describe  the  basic  infomiation.  such  as  or- 
ganism isolated  from  pleural  fluid.  Only  1 
color  photograph  figure  is  included,  illus- 
trating cytology.  The  number  of  radiographs 
included  to  illustrate  particular  diseases  is 
smaller  than  1  expected.  The  book's  index 
is  simple — just  chapters  and  several  bold 
subtitles — which  might  make  this  book  dif- 
ficult to  use  as  a  reference.  However,  the 
bibliography  is  extensive  and  includes  ref- 
erences as  recent  as  2000.  There  are  some 
trivial  errors,  including  purified  protein  de- 
rivative <  5  mm  for  TB  in  human  immu- 
nodeficiency virus,  but  I  did  not  find  any 
major  typographical  errors  that  might  mis- 
lead readers. 

Overall,  this  is  an  excellent  clinical  guide- 
book for  pleural  disease.  I  hope  it  will  be 
updated  frequently. 

Yoshihiro  Otaki  MD 

Division  of  Pulmonarv  and 

Critical  Care  Medicine 

University  of  Washington 

.Seattle.  Washington 

Cystic  Fibrosis  in  the  20th  Century:  Peo- 
ple. Events,  and  Progre.s.s.  Carl  F  Doer- 
shuk  MD.  editor.  Clev  eland.  Ohio:  AM  Pub- 
lishing. 2(K)1.  Hard  cover,  illustrated,  417 
pages,  $25.95. 


This  fascinating  book  provides  insight 
into  various  aspects  of  cystic  fibrosis  (CF) 
and  the  key  people  responsible  for  moving 
this  field  forward.  The  reader  learns  about 
the  early  description  of  CF  as  a  distinct  en- 
tity, the  clinical  observations  during  a  torrid 
New  York  summei'  heat  wave  in  the  late 
1940s  that  led  to  the  finding  of  the  sweat 
abnormalities  and  the  subsequent  develop- 
ment of  the  diagnostic  sweat  test,  the  dis- 
covery of  the  physiologic  defect  in  epithe- 
lial electrolyte  transport,  and  the 
breakthrough  achievement  in  identifying  the 
cystic  fibri>sis  transmembrane  regulator 
(CFTR)  gene.  The  book  also  provides  a 
wealth  of  information  about  the  formation 
and  growth  of  the  Cystic  Fibrosis  Founda- 
tion. It  describes  the  development  of  the 
care  center  network  modeled  after  the  polio 
treatment  centers,  the  evolution  of  the  pa- 
tient registry,  and  various  research  initia- 
tives of  the  CF  Foundation,  including  the 
Research  and  Development  Program,  the 
Therapeutics  Development  Network,  and 
the  drug  discovei"y  program. 

The  book  is  in  4  sections:  ( 1 )  "What  Is 
CF.  Who  Has  It.  What  Has  Been  Done  About 
It?  Clinical  Insights  and  Research  Progress." 
(2)  "How  Has  the  Community  Helped  with 
Care  and  Research?  Volunteers  Organized 
to  Work  Together."  (3)  "How  Well  Have 
We  Done'.'  Center  Directors  Remember." 
and  (4)  "Can  We  Do  Even  Better?  Looking 
Ahead  "  The  diverse  perspectives  of  the  au- 
thors is  one  of  the  strengths  of  the  book,  but 
this  approach  leads  to  some  redundancy  and 
unevenness  in  the  quality  of  the  chapters. 
Nonetheless,  most  of  the  chapters  are  ex- 
cellent and  some  are  outstanding.  Parts  of 
the  book  read  like  a  summer  novel  that's 
too  good  to  put  down  until  the  end  of  the 
stor>'. 

Some  of  my  favorite  chapters  in  the  first 
section  include: 

1 .  The  contribution  from  Dr  Paul  di 
Sant'Agnese,  one  of  the  "founding  fathers" 
ofCF 

2.  Dr  Paul  Quintons  description  of  his 
important  scientific  contributions  to  the  field 
while  fighting  the  disease  himself 

.3.  DrCari  Doershuk's  review  of  the  Mat- 
thews Comprehensive  Treatment  Program, 
which  became  the  blueprint  for  the  contem- 
porary niultidiscipliniU7  CF  care  model  in 
the  United  States 

4.  Dr  Mitchell  Drumm's  behind-the- 
scenes  description  of  the  discovery  of  the 
CFTR  gene,  and 


5.  Dr  Philip  Farrcll's  review  of  the  ratio- 
nale, design,  and  implcmentationof  the  Wis- 
consin neonatal  screening  trial 

The  second  section  of  the  book  recounts 
the  incredible  volunteer  effort  that  has  been 
mounted  against  this  disease.  Many  of  the 
stones  in  this  section  are  truly  inspiring.  The 
power  of  the  individual,  driven  by  the  love 
of  an  affected  child,  to  make  a  difference  is 
captured  in  several  chapters,  including  the 
contributions  of  Hvelyn  and  Milton  Ciraub. 
Doris  Tulcin.  Madeline  and  Henry  Bem- 
baum.  Phyllis  and  Lawson  Anderson,  and 
Robert  McCreery.  There  are  also  2  chapters 
in  this  section  written  by  adults  with  CF. 
Bruce  Baskin  and  Barbara  Palys. 

The  third  section  of  the  book,  a  collec- 
tion of  vignettes  from  several  center  direc- 
tors, is  more  variable  in  quality  than  the 
first  2  sections.  Some  of  the  chapters  are 
quite  interesting  and  others  somewhat  re- 
dundant. The  chapter  by  Dr  Warren  War- 
wick describing  the  Minnesota  experience 
is  very  infonnative.  Unfortunately,  he  in- 
cludes some  negative  comments  that  lead 
one  to  suspect  that  he  does  not  forgive  or 
forget  past  slights.  This  detracts  from  the 
quality  of  the  chapter  and  differs  from  the 
uplifting  spirit  of  the  book  as  a  whole. 

The  fourth  section  is  v  er)'  short,  w  ith  only 
4  brief  chapters.  In  general  this  section  adds 
little  to  what  is  covered  in  the  previous  3 
sections.  However.  Dr  Pamela  Dav  is  brings 
us  back  to  the  current  reality  of  this  disease, 
that  there  is  work  yet  to  be  done.  She  closes 
with  this  important  take-home  message: 
"Vigorous  prosecution  of  conventional  treat- 
ments should  be  the  order  of  the  day.  Just  as 
we  cannot  let  up  on  the  research  to  develop 
the  cures  of  tomorrow,  so  too  we  cannot 
neglect  the  meticulous  care  of  the  patient 
today."  Hopefully  in  future  editions  of  the 
book  this  section  can  be  embellished  with 
the  stories  of  treatments  and  approaches  that 
contribute  to  the  control,  cure,  and  improv  e- 
ment  in  quality  of  life  for  people  with  CF. 

Overall  this  book  is  an  important  contri- 
bution to  what  has  been  written  about  CF.  I 
would  highly  recommend  il  to  all  who  have 
any  association  with  the  disease,  including 
patients  and  their  families,  scientists,  and 
members  of  the  health  care  team,  including 
respiratory  therapists.  There  is  something 
here  for  everyone.  All  will  learn,  and  many 
will  find  inspiration. 

Bruce  C  Marshall  .MD 

Cystic  Fibrosis  Foundation 
Bethesda.  Maryland 
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RC  Web  Sites 


Slcven  B  Nelson  MSc  RRT  HAARC.  Sl-ciuiii  hditiir. 


Users"  Guides  to  the  Medical 

Literature — A  Manual  for  Kvidence- 

Based  Clinical  Practice. 

(reviewed  August  3-Septembcr  0.  2002) 

The  Users"  Guide  to  the  Medical  Litera- 
ture interactive  Web  site  (http://v\ww.ania- 
assn.org/public/joumals/ughome.htm)  is  an  on- 
line version  of  print-based  editions.  It  is  offered 
as  a  free  service  to  subscribers  of  the  Joiinuil 
of  ihc  American  Mcdkal  Association.  ;uid  as  a 
limited-time  tnal  ser\  ice  to  purchasers  of  ei- 
ther of  the  2  \ersions  of  the  printed  manuals. 
The  printed  versions,  edited  by  Drs  Gordon 
Gu>att  luid  Dnimmond  Reniiie.  uere  previ- 
ously reviewed  in  RhuSPiRAK  iR-i  Cari:.  '  Tlie  on- 
line version,  edited  by  Dr  Robert  S  A  Hay- 
ward,  and  developed  at  the  Centres  for  Healtli 
Evidence.  University  of  Alberta.  Edmonton. 
Alberta.  Canada,  follows  the  print  versions  ex- 
actly and  offers  downloadable  files  for  each 
chapter.  Tlie  major  difference  is  found  in  tlie 
literature  examples.  Tlie  on-line  version  ofiev^ 
examples  from  ciin'ent  medical  literature  and 
has  the  ability  to  update  or  change  them. 

Both  of  the  printed  editions  and  the  on- 
line version  are  derived  from  a  series  of  ,^4 
articles  originally  printed  in  the  Jounud  of 
the  American  Medical  Associarion  between 
1992  and  2002  and  collected  on-line.-  The 
original  articles  are  still  available  on  the  tree 
Web  site. 

The  Web  site  opens  with  .^  panels:  nav- 
igator, reading  panel,  and  work  pad.  A  brief 
tour  explains  the  function  of  each.  The  nav- 
igator has  a  list  of  headings  that  expand  into 
topics  such  as  finding  evidence,  process  of 
diagnosis,  and  types  of  therapy  and  diagno- 
sis. It  has  a  familiar  cascading  style  menu. 

The  navigator  panel  offers  2  views  of  the 
table  of  contents.  The  first  is  similar  to  the 
print  version;  the  alternate  view  reorgani/es 
the  layout  by  topic,  such  as  validity,  results, 
and  applicability.  Tliis  view  may  be  a  more 
palatable  approach  for  people  just  becoming 
familiar  with  evidence-based  medicine  and 
Icxikmg  for  a  quick  inlriKluction  to  the  piXK'Css. 

The  reading  panel  is  the  equivalent  of 
each  chapter  in  the  printed  version.  It  dis- 
plays text,  graphs,  and  pictures  related  to 
the  navigator  topics.  The  pages  are  copies 
of  the  same  text  in  the  print  version.  Each 
chapter  can  be  di)wnloaded  from  the  read- 


ing panel  for  reading  off-line.  This  is  ad- 
vantageous for  those  not  able  to  spend  the 
time  on-line  with  each  chapter. 

Each  chapter  has  a  work  pad  associated 
with  it.  The  work  pad,  unfortunately,  only 
works  with  Windows-based  computers  run- 
ning Internet  Explorer  4.0  or  higher.  Since 
this  review  was  perfomied  primarily  on  a 
Macintosh  computer,  none  of  the  work  pad 
features  were  available.  During  a  brief  foray 
into  the  Windows  world,  however,  the  vv  ork 
pad  feature  was  found  to  prov  ide  a  place  to 
store  results  and  other  information  from  the 
papers  referenced  in  the  on-line  text,  as  well 
as  providing  some  basic  statistical  functions. 

The  vv  ork  pad  apix^aiN  to  be  persistent  across 
sessions,  much  like  the  browser  cookies  that 
remember  your  name  when  you  revisit  sites. 
Its  usefulness  was  not  readily  appiuent.  except 
perhaps  in  asscK'ialion  with  teaching  a  cotirse. 
where  the  results  would  be  gathered  and  ana- 
lyzed over  a  longer  periixJ  of  time. 

The  biggest  advantage  to  the  on-line  ver- 
sion is  the  interactive  way  in  which  you  can 
learn.  For  example,  in  Chapter  2E-3.  "Eco- 
nomic Analysis:  Finding  the  Evidence,"  the 
introductory  paragraph  describes  a  search 
process  for  evaluating  thrombolytic  agents 
when  limited  to  economics,  and  cites  an 
article."  Clicking  on  the  reference  to  an  ar- 
ticle opened  a  pop-up  window  w  ith  the  ab- 
stract. From  there,  the  reader  has  the  option 
of  getting  the  full  article,  either  through  the 
National  Librarv'  of  Medicine  (MEDLINE) 
or  the  original  journal.  If  the  reader  has  ac- 
cess to  the  on-line  journal  in  the  reference, 
the  article  can  be  downloaded  within  sec- 
onds of  reading  about  the  use  of  the  study. 

The  whole  process  of  the  information  cy- 
cle— assess,  ask.  acquire,  appraise,  apply — 
is  easily  grasped  and  reinforced  throughout 
the  Web  site.  It  seems  a  much  more  power- 
ful tool  than  reading  an  inert  form,  then  try- 
ing to  fumble  from  the  book  to  examples  in 
the  literature  to  a  calculator  for  checking  sta- 
tistics and  then  back  to  the  book. 

As  noted  in  the  rev iew  of  the  print  ver- 
sions, disclosures  of  potential  confiicls  of 
interest  are  not  made  wiihin  the  download- 
able chapters.  Those  who  do  not  have  the 
book  available  will  probably  keep  the  chap- 
ters individually  for  refeiciicc.  thus  not  hav- 
ing access  to  that  information. 


A  section  on  additional  references  pro- 
vides many  evidence-based  medicine  re- 
sources, both  in  print  and  on-line. 

Purchasers  of  the  printed  versions  of  U.s- 
ers"  Guide  to  the  Medical  Literature  may 
access  the  service  for  a  60-day  trial,  after 
which  the  users  must  purchase  a  subscrip- 
tion to  Jounud  of  the  American  Medical 
Association  or  one  of  its  affiliated  journals 
for  continued  access.  The  cost  is  probably 
out  of  the  range  of  individual  respiratorv 
therapists,  but  may  be  available  through  in- 
stitutional subscriptions  to  one  of  the  jour- 
nals. As  always,  checking  with  your  medi- 
cal librarian  should  be  the  first  step  before 
purchasing  on-line  resources. 

There  were  several  technical  difficulties  in 
using  the  site  with  either  the  Netscape  or  Omni 
Web  browser.  Though  the  initial  brow  ser  alert 
w;ims  about  tliis,  it  is  still  unreasonable  to  de- 
sign a  Web  site  using  propriet;irv  coding  tech- 
niques that  exclude  users. 

Despite  the  limited  trial  peniKl  and  ihc  in- 
abilirv'  to  fully  use  the  Web  site  on  ;uiy  system 
other  than  a  Windows-based  computer,  this 
site  offers  an  excellent  feedback  mechanism 
for  strengthening  one's  abilities  to  effectively 
use  ev  idence-based  medicine.  Bcxik  purchas- 
ers may  not  want  to  begin  the  tnal  periixl  until 
a  basic  grasp  of  the  concepts  is  obtained. 

Steven  B  Nelson  MSc  RRT  FAARC 

Overland  Park.  Kansas 

Mayo  Pulmonary  Services 

Rochester.  Minnesota 
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COPD  Rehabilitation: 
The  Last  12  Months 

Triiia  Limlierfi 

Everything  RCPs  Should 
Kno»  about  Computed 
Tomography 

Erie  Stern  MD 

Case  Studies  Helpful 

to  RCPs 

Cliarles  Durltin  Ml) 

"  I  he  Role  of  Respiratory 
I  herapists  in  (  ase 
Management"  and  "Use 
of  ProtocoK  to  Alter  Care 
Plans' 

Natlian  Lewis  and 
Fednial  Harrison 
Informatliin  Systems  in 
Case  Vlanagement 
Chay  Rohmson 

Outcomes  of  I  hrec 
Model  Programs 

Lewis.  Harrison.  Kolnnson 

K\er>thing  RCPs  Should 
Know  about  Imaging 
in  the  ICl 

Eric  Stern  MD 


□  AARCO2-015 

/  audiotape.  SIO 

□  AARC02-015C 
/  audio  CD,  $16 

□  AARC02-0I6 

/  audiotufie.  SIQ 

□  AARC()2-016C 
;  audu,  CD.  $16 

□  AARC()2-017 

2  audiotapes.  $20 

□  AARC02-017C 
2  audio  CDs.  $16 

□  AARC02-018 

/  audiotape.  $10 

□  AARai2-018C 
I  audio  CD.  $16 

□  AARCO2-0I9 

/  audiotape.  $10 

□  AARC02-019C 
1  audio  CD.  $16 

□  AARCn2-020 

/  audiotape.  $10 

□  AARC()2-020C 
i  audio  CD.  $16 

U  AARC02-02I 
/  audiotape,  SIO 

aAARC02-02IC 
/  audio  CD,  $16 

□  AARC02-22-2.1 
I  audiotape.  $10 

□  AARC02-2-2-23C 
I  audio  iD.  $16 


□  AARC(l2-()24 
1  audiotape.  $10 

a  AARC()2-024C 
/  audio  CD.  $16 


□  AARC02-02.S 
2  audiotapes.  $20 

□  AARC02-025C 
2  audio  CDs,  $16 


Ad>ances  in  Beta2- 
Agonist  Therapy  for 
4cute  and  Chronic  Asthma 

Liinothv  Myers 
Transporting  with  Nitric 
Oxide 

Michael  iVeiss  MD 

The  Dos  and  Don'ts  of 
PowerPoint 

Dean  lle.ss  PhD 

Program  Comparisons: 
In/Out  and  Open/Closed 

Triihi  l.iniheii; 

Discussing  the  Tough 
Topics 

Paul  Selecky  MD 

How  to  Maintain  a 
Successful  Pulmonary 
Rehab  Program 
Trina  Limber^ 
C<mscious  Sedation  in 
the  Procedure  Suite  and 
Implications  for 
Respirator)   I  herapists 
Kcnnelli  lireer  Mil 
"Pro/Con:  Bacterial/ 
\  iral  Filtration"  and 
"Pr<i/C<m:  Bachelor  Degree 
Should  be  Kcipiircd  for 
Entr>  Level  RR I  " 
Robert  Demers  and 
Richard  Branson, 
Thomas  Barnes  EdD  and 
,/anies  Taylor 
Pro/Con:  Spirometry 
Screening  Should  Be 
Done  b\  the  Primar) 
Care  Physician 
Paul  Enrighr  MD: 
Neil  Maclmyre  MD 
Pitfalls  in  Concurrent 
I  herap\ 
.Inthonv  Deilitt 


□  AARC02-028 

/  audiotape.  $10 

□  AARC02-028C 

1  audio  CD.  $16 

□  AARC02-029 

2  audiotapes.  $20 

□  AARC02-029C 

2  audio  CDs.  $16 

□  AARC02-030 

/  audiotape.  $10 

□  AARC02-030C 
/  audio  CD,  SI6 


Ethical  Issues  in  Long 
Term  and  Home 
Mechanical  \'entilatio 

James  Urlowsla  .ML) 
Trivia  in  1'ampa  Part 

David  Pierson  MD. 
JetrWardMEd 

How  Not  to  Prepare  ai 
Present  a  Talk 

William  .Mailer 


Sunday,  October  6,  2002 


□  AARC02-O31 

/  audiotape.  SIO 

□  AARC02-03IC 
/  audio  CD,  $16 

□  AARC02-32-33 
/  audiotape.  $10 

□  AARCI)2-32-33C 
/  audio  CD.  $16 


□  AARC02-.14-35 
/  audiotape.  $10 

□  AARC02-34-35C 
/  audio  CD.  $16 


□  AARC02-036 

/  audiotape.  $10 

□  AARC02-036C 

/  audio  CD,  $16 

□  AARC02-037 

/  aiidintapi'.  $10 

a  AARC()2-037C 

/  audio  CD.  $16 

□  AARC02-038 

/  audiotape.  $10 

□  AARC02-038C 
/  audio  CD.  $16 


29th  Donald  Egan 
Scientific  Lecture - 
Contro\ersial  Aspects 
Oxvgen  Therapy 
.lohn  Downs  MD 
"\Nh\  Should  Primary 
Care  Ph>sicians  (PCPi 
Do  Spirometry  in  The 
Office?"  and  "W  h> 
Kespirator\   Therapist 
Can  Cain  b>  Helping  1 
with  Office  Spirometr 
Paul  Enrii;hl  MD  and 
Oreii  Spratt  .Ion  .McCle 
"The  New  Generation 
Office  Spirometers  .Mi 

the  Job  Fasier"  and  " 

DirtN  Laundry:  Qualil 

Office  Spironietr>  is  C 

Poor" 

Robert  .lensen  PhD  and 

.lohn  llankinson  PhD 

.\irwa>  Management: 

The  last  12  Months 
Charles  Durbin  Ml) 

1  ransport  of  Pediatric 
Critical  Care  Patient 

Michael  .Uiderson  Ml) 

Asthma  Disease  Mana 
Respirator\  Therapist 
Make  a  Difference 

Terr\-  LeGiand  PhD 


,AARC02-039 

'  amiioiape.  $1(1 
A\RC02-039C 
,:tulio  CD  SI6 

A  \RC02-040 
.     ih.iape.  $10 
\  \I<C0:-040C 
mulio  CD  $l(< 

A\RC02-041 
jn.initape.  $10 
A  \RC02-041C 
aiiJio  CD  5/6 
\\RC02-042 
duJioiiipt:  $10 

I  AARC02-042C 
audio  CD  $16 

AARC02-045 
audiotape.  $10 
AARC02-045C 
audio  CD  $16 

AARC02-46-47 
audiotape.  $  1 0 
AARC02-46-47C 

'  audio  CD.  $16 


AARC02-48-4q 
audiotape.  $10 
AARC02-48-49C 
audio  CD.  $J6 


VARC02-50-51 
audiotape.  $10 
AARC02-50-5K" 
audio  CD  $16 


^RC02-O52 
\  audiotape.  $10 
!AARC02-052C 
:  audio  CD.  $16 

.ARC02-053 
audiotape.  $10 
•AARC02-053C 
.aiuiio  CD  $16 
'.ARC02-054 
.audiotape.  $J0 
\ARC02-054C 
iaudio  CD  $16 
ARC02-055 
audiotape.  $10 
VARC02-055C 
atulio  CD  $16 
ARC02-056 
audiotape.  $10 
AARC02-056C 
Midio  CD.  $16 
1ARCO2-O57 
audiotape.  $10 
.ARC()2-057C 
ludio  CD  $16 

.ARC02-()58 
audiotapes,  $20 
\ARC02-058C 
iiuiw  CD.  $/6 


U  AARC02-05') 
/  aiuholupe.  $10 

□  AARC02-059C 
/  audio  CD.  $16 

□  AARC02-060 
/  audiotape.  $J0 

a  AARr02-O6OC 
I  audio  CD.  $16 

□  AARa)2-()(il 
/  audiotape.  $J0 

□  AARC02-061C 
/  audio  CD.  $16 

□  AARC02-062 
/  audiotape.  $10 

□  AARC02-062C 
/  ■/;(,/(()  CD.  $16 

Professors  Rounds:  C  ritical  ^  AARC(t2-063 


Diagnostii'  AssesMiicnt: 
The  Last  12  Muiilhs 
Catherine  Fo.ss 

Overview  of  HIPAA 
Regulations 

( '(.'Ihcii  .SLhahacker 

HIPAA  and  Vou 

Karen  Stewart 


MPP\  lo  Facilitate 

Weaning 

Scoll  Epstein  MD 


Care  Outside  of  the  ICL 

Keith  Littlewood  MD/ 
Charles  Dmhiii  MD 
"American  Thoracic 
Society  and  Kuropean 
Respiratory  Society 
Standards  for  Pulmonary 
Kunction  lesting"  and 
"How  Do  Vou  Make  Sure 
your  Spirometry  Tests  are 
(Jood  Quality  " 
Robert  Crapo  MD  and 
Paul  Enridit  .MD 


I  audiotape.  $10 

□  AARC02-063C 
/  audio  CD.  $16 

□  AARC02-064 

/  audiotape.  $10 

□  AARC02-064C 
/  audio  CD.  $16 

□  AARC02-065 

/  audiotape.  $10 

□  AARC02-065C 
/  audio  CD.  $16 

□  AARC02-066 

/  aiuhotape.  $10 


"Diffusing  Capacitv:  How  to  □  AARC02-066C 

/  audio  CD.  $16 

□  AARC02-070 
/  audiotape.  $10 

□  AARC02-070C 
/  audio  CD.  $16 

□  AARC02-07I 
-  audiotapes.  $20 

a  AARC02-071C 
2  audio  CDs.  $16 

□  AARC02-O72 
/  audiotape.  $10 

□  AARC02-072C 
/  audio  CD.  $16 

□  AARC()2-073 
/  audiotape.  $10 

□  AARC02-073C 
/  audio  CD.  $16 


Get  it  Right"  and  Exercise 
Testing:  Six  Minute  Walk 
and  Shuttle  V\  alk  Testing" 
Robert  Jensen  PhD  and 
Paul  Ewi^iht  MD 
"Reference  \'alues  and 
Diagnostic  Algorithms  for 
PFTs:  Ho«  to  Use  Them 
and  Not  Abuse  Them"  and 
"Reimbursement  and 
Coding  Issues" 
Robert  Crapo  MD  and 
\eil  Macliityre  MD 
Pulmonary  Function  Test 
Examples:  Good,  Bad, 
Disease  Patterns  & 
Tricks  of  the  Trade 
Crapo.  Eivight.  Jensen 
Diaphragmatic  Hernia 
and  the  Respiratory 
Therapist 
David  Kavs  MD 
Home  Care:  The  Last 
12  Months 
Joseph  Lewarski 

Patient  Safety  Activity 
Karen  Stewart 


Respiratory  Care  and 
Patient  Safety 

Karen  Stewart 

Asthma  Educator 
Certification:  Why  Should 
the  Respiratory   Fherapis 
Bother? 

Susan  Bloiishine 
In  Vivo  Msuali/ation  of 
Normal  &  Injured  Lungs 
GaiT  i\ieman 


Managing  Sudden  Illness 

Rii.s.^ell  .Icevedo  .\ID 


End-of-Life  Decisions  in 
the  K  I   -The  Myth  of 
\ut(inomy 

Slew  Peters  Ml) 
Conversations  Near  the 
End  of  Life 

Paul  Seleeky  MD 

Panel  Discusion:  What 
Would  ^nu  Do? 

.Icevedo.  Peters.  Seleeky 

Safety  Concerns  for 
Homecare  RTs 

Timothy  Buckley 

Measuring  RT  Costs  and 
Producti\ity  in  Homecare 

Kdlhr  Keciliiifi 

A  Data  Collection  Tool 
for  Homecare  RTs 

Timothy  Buckley 

Homecare  Case  Studies: 
Challenges  Beyond  the 
Door 

Kathy  Keating 
Horror  Stories  from 
Malpractice  Hell 

.Anthony  DeH'itt 

Chest  X-Ray 
Interpretations 

Richard  Sheldon  MD 

Advances  in  the  Evaluation 
and  Management  of 
Pulmonary  Hypertension 

Charle^  Burger  MD 
How  Not  to  Manage  a 
Patient  on  a  \  entilator 

Charles  Durhin  MD 


Monday,  October  7,  2002 


□  AARC02-()74 

/  audiotape.  $10 

□  AARC02-()74C 

/  audio  CD.  $16 

□  AARC()2-075 

/  audiotape.  $10 

□  AARC02-075C 
/  audio  CD.  $16 

□  AARC02-76-77 
/  audiotape.  $10 

□  AARC02-76-77C 
/  audio  CD.  $16 


aAARC02-078 

/  audiotape.  $10 
Q  AARC02-()78C 

/  audio  CD.  $16 
□  AARC02-079 

/  audiotape.  $10 
□  AARC02-079C 

/  audio  CD.  $16 


18th  Annual  Phil  Kittredge 
Memorial  Lecture  -  Mo\ing 
Toward  Evidence-Based 
Practice 

Deborah  Cook  MD 
Creating  a  Medical  (Jas 
Management  Program 

James  Webb 

"  Ihe  Family  Caregiver's 
Role"  and  "My  Experience 
C Oping  with  Chronic 
Respiratory  Disease" 
Dana  li'ihhern  Piatt  and 
David  Piatt 

My  Experience  Working 
with  Patients  and  Caregivers 
Coping  nithCOPD 
.■ingela  King 
Is  My  Metabolic  Rate  the 
Reason  I  (  an't  Lose  Weight: 
How  Low  is  my  REE? 
Charles  Mc.Arthiir 


□  AARC02-080 

/  audiotape.  $10 

□  AARCO2-080C 
/  audio  CD.  $16 

□  AARC02-081 

/  audiotape.  $10 

□  AARC02-()8IC 
/  audio  CD.  $16 

□  AARC02-082 

/  audiotape.  $10 

□  AARC()2-082C 
/  audio  CD.  $16 

U  AARC02-O83 
/  aiuhotape.  $10 

□  AARC02-083C 
/  audio  CD.  $16 

□  AARC02-86-87 
/  audiotape.  $10 

□  AARC02-86-87C 
/  audio  CD.  $16 


□  AARC02-88-8') 
/  audiotape.  $10 

□  AARC02-88-89C 
/  audio  CD.  $16 

□  AARC02-09() 

3  audiotapes.  $30 

□  AARC02-090C 
/  audio  CD.  $16 

□  AARC02-091 

/  audiotape.  $10 

□  AARC02-091C 
/  audio  CD.  $16 

□  AARC02-092 

/  audiotape,  $10 

□  AARC02-092C 
/  audio  CD.  $16 

□  AARC02-093 

/  audiotape.  $10 

□  AARC02-093C 
/  audio  CD.  $16 

□  AARC02-094 

/  aiidiota/ie,  $10 

□  AARC02-094C 
/  aiidu)  CD.  $16 

□  AARC02-095 

/  audiotape.  $10 

□  AARC02-095C 
/  audio  CD.  $16 

□  AARC02-096 

/  audiotape.  $10 

□  AARC()2-n9(>r 
/  audio  CD.  $16 

□  AARC02-097 

/  audiotape.  $10 

a  AARC02-097C 

/  audio  CD.  $16 

U  AARC()2-098 

/  audiotape.  $!l) 

□  AARC02-I)9XC 
1  audio  CD.  $16 

a  AARC'02-()99 
/  audiotape.  $10 

□  AARC02-099C 
/  audio  CD.  $16 

□  AARC02-100 
/  audiotape.  $10 

□  AARCO:-l(Hl 

/  audio  CD.  $16 


Don't  Starve  Me.  Don't 
Feed  Me  lo  Death 

Charles  Mc.lrlhur 

Patient/Xentilator 
Dysynchrony  During 
CMN  :   Reasons  and 
Remedies 
\eil  Maclmvre  MD 
Palient/\entilator 
Dysynchrony  During  PS 
Reasons  and  Remedies 
Robert  Kaciiiarek  PhD 
PatientA'entilator 
Dysynchrony  During 
Closed  Loop  \  entilation 
Reasons  and  Remedies 
Richard  Branson 
"Home  Respiratory 
Therapist:  Asset  or 
Liability?"  and  "Eviden 
Based  Medicine  in  Hom 
Where's  the  Beef'" 
Greg  Spratt  and 
.Amies  Steginaier 
Can  Respiratory  Theraj: 
Therapists  Sell?  Sales  ar 
Marketing  \  alue  of  Hem 
Robert  Faiy 

Exercise  Testing  (!raphi 
Analysis 
Carl  Mottram 

The  Requisites  of 
Leadership  in 
Professional  Practice 

George  Gaebler  MSEd 
Practical  Application  of 
Leadership  Principles 

John  Kimlile 

Making  Leadership  Mak 
Sense:  From  Baby 
Boomers  to  Generation  P 

.\nna  Parkman  PhD 
Affiliate  Leadership: 
Connecting  the  Dots  for  i 
Stronger  Profession 
Kennelh  Thig/^cn 
Ipdale  on  Neonatal 
Resuscitation 
Thomas  Wiswell  MD 

Optimizing  Mechanical 
Ventilation  in  Infants  wit 
HLHS 

Timothy  Myers 
Meconium  Aspiration 
Syndrome  Update 

Thomas  Uiswell  MD 

Aerosol  Delivery 
in  the  M(  U 

Timothv  .\lvers 

Ihe  Physiology  of  Sensor 
Placement  and  the  Effecti 
Pulse  Oximetry  Monitori 
E</die  Beboiit  PhD 
Preparing  to  Present 
Respiratory  Care  Topics 
a  (ilobal  Audience 
i  ijay  Deshpande 


□  AARC02-101-102      "Closed-Loop  Pressure 
/  aiidioiape.  SIO         Support"  and  "NW'A: 
□  AARC02-101-102C  Neural  rriggcrinc" 


/  audio  CD.  .S7C. 

□  AARC02-10.V104 
/  amtiolape.  SIO 

□  AARC02-103-104 
/  tiiulio  CD.  $16 

□  AARC02-105 

/  audiotape.  $10 

a  AARC02-105C 

/  audio  CD.  $16 

□  AARC02-106 

2  audiotapes.  $20 

□  AARC02-IO6C 
2  audio  CDs.  $16 

□  AARC02-107 

2  audiotapes,  $20 

□  AARC02-I07C 
1  audio  CD.  $16 

□  AARC02-I08 

/  aiuliotape.  $1(1 

□  AARC02-108C 
/  audio  CD.  $16 

□  AARC02-1(W 

/  audiotape.  $10 

□  AARC02-109C 
/  audio  CD.  $16 

□  AARC02-110 

/  audiotape.  $10 

□  AARC02-110C 
/  aiuiio  CD.  $16 

□  AARC02-111 

/  audiotape.  $10 

□  AARC02-mC 
/  audio  CD.  S16 

□  AARC02-1 12-11? 
/  audiotape.  $10 


Koliert  Campbell 
"Closed-Loop  Control  of 
l-'I02"  and  "Adaptive 
Support  Ventilation" 
Nelson  Claure  and 
Robert  Campbell 
Respiratory  Therapist  - 
Physician  C  ollahoration:  It 
Really  Can  \\  ork 
Teirance  Tniilt  MP 
Managing  Another 
Discipline:  Success  Stories 
from  Respiratory  Care  and 
Critical  Care  Nursing 
George  (jaebler  MSIdl 
Polysomnography  Tracing 
Analysis 
Thomas  Smalling 

Sleep  Therapy  Technology 

David  Lain  I'liD 


Home  Oxygen  Technology 

Joseph  Lewarski 


Home  Mechanical 
Ventilation 

Robert  MeCoy 

Creating  Evidence-Based 
Homecare 

Greg  Spratt 


□  AARC02-123 

/  audiotape.  $10 

□  AARC02-I23C 
/  atulio  CD.  $16 

□  AARC02-124 

/  audiotape.  $10 

□  AARC02-124C 
/  audio  CD.  $16 

□  AARC02-125 

/  audiotape.  $10 

□  AARC02-125C 
/  audio  CD.  $16 

□  AARC02-125b 
/  aiuliotape,  $10 

U  AARC02-125bC 
/  aiulio  CD.  $16 

□  AARC02-126-127 
/  audiotape.  SIO 


"Airway  Management" 
and  "Critical  Care 
X'cntilators" 

□  AARC02-I  12-1  \K'Charles  Durbin  Ml)  and 

1  audio  CD,  $16  Charles  Spearman  Med 

□  AARC02-1 14-1 15      "Critical  Care  Monitoring" 
/  audiotape,  $10         and  Non-ln\asivc 

□  AARC02-1 14-1 15C"  Monitoring" 

/  audio  CD,  $16  Richard  Branson 

and  Robert  Kacniarek  PhD 
a  AARC02-116-1 17      "Barotrauma"  and 

2  audiotapes,  $20        "Non-Invasi>e  Ventilation" 

□  AARC02-1 16-1  aCDavid  Pierson  MD 
I  audio  CD.  $16 

3  AARC02-n8 
/  audiotape.  $10 

□  AARC02-11XC 
/  atulio  CD.  $16 

□  AARC02-liy 
/  audiotape.  SIO 

□  AARC02-119C 
I  audio  CD.  $16 

□  AARC02-12() 
/  aiuliotape.  $10 

□  AARC02-120C 
/  audio  CD.  $16 

□  AARC02-121 
/  audiotape.  $10 

□  AARC02-121C 
/  audio  CD.  $16 

□  AARC02-122 
/  audiotape,  SIO 

□  AARC02-122C 
/  audio  CD,  S16 


A  Review  of  Alpha-1 
Antitrypsin  Deficiency 

James  Stoller  MD 

Alpha-1  from  the 
Respiratory  Care 
Perspccti\e 

Deni.se  Schoolmeesler 
Alpha-1  Targeted 
Detection:  The  Role  of 
the  Respirator)    I  herapist 
Mark  Bruiitly  Ml) 
Alpha-1  Coded  Testing 
and  Research  Registry 
Charlie  Strange  .MD 

Neonatal  Aerosol 
Deliver) 

Cvnihia  Cole  MD 


Pediatric  Aerosol 
Delivery 

Briiee  Rubin  MD 

Drug  Therapy  of  Asthma 
in  Children 

Leslie  llendetes  I'harmD 

Aerosol  Delivery  of 
Medications  in  a 
Coniprehensi\e  Asthma 
Management  Program 
llenn   ll'o/tczak  Ml) 
Panel  Discussion  -  Advances 
Pediatric  Aerosol  Delivery 
Cynthia  Cole  MD  and 
Bruce  K  Rubin  MD  F.4ARC 
"Home  Mechanical 
Ventilation  in  North 


□  AARC02-144 
/  audiotape.  $10 

□  AARC02-144C 
/  audio  CI).  $16 


llo«  Not  to  Recrui 
Retain  Students 

I'ijay  Deshpande 


□  AARC02-126-127C  America"  and  "Home 


Mechanical  N'entilation 
in  Argentina" 

.iiigela  King  and  .-Ilex  Gagin 
"Home  Mechanical 
\'entilation  in  France" 
□  AARC02-128-129Cand  "Home  Mechanical 
2  audio  CDs.  $16         Ventilation  in  India" 
Sue  Thompson  and 
Arvind  Bhonie  MD 
"Home  Mechanical 
\  cntilation  in  Scotland" 
Mechanical 
n  I  alwan" 
Elspeth  Jardine  and 
Chia-Chen  Chu 
Pediatric  Pulmonar\ : 
Ihe  Last  12  Months 
Carolyn  Keresmar  MD 


1  audio  CD.  $16 


a  AARCC)2-128-129 
2  audiotapes.  $20 


a  AARC02-130-131 

/  audiotape.  SIO 
□  AARC02-130-13Kand  "Homt 

/  audio  CD,  $16  \  entilation 


□  AARC02-132 
/  audiotape,  $10 

□  AARC02-132C 
/  audio  CD.  $16 

□  AARC02-133 

2  audiotapes.  $20 

□  AARC02-133C 
2  audio  CDs.  $16 

□  AARC02-136 

/  audiotape.  $10 

□  AARC02-136C 
/  audio  CD.  $16 

□  AARC02-137 

/  audiotape.  $10 

□  AARC02-137C 
/  audio  CD.  $16 

□  AARC02-138 

/  audiotape.  SIO 

□  AARC02-138C 
/  audio  CD.  $16 

□  AARC02- 139- 14(1 
/  audiotape.  $10 


Agency  Updates  -  Status 
of  Ihe  Respiratory  Care 
Profession 

Traband.  .-iinato. 
Gilmmtr.  Borland 
\\  hat  is  the  Role  of 
Spontaneous  Breathing 
in  All? 

Roll  Kiihlen  MD 
Icchniques  to  Facilitate 
Spontaneous  Breathing 
Robert  Campbell 

Spontaneous  Breathing 
During  Weaning  from 
Mechanical  \  entilation 
Rait  Kiihlen  Ml) 
"Optimi/Ing  High 
Frequcnc\  \  entilation" 


□  AARC02-139-I4()C  and  "llcllov:  It's  Not 


/  audio  CD.  $16 


□  AARC02-141-142 
/  audiotape.  $10 


Just  for  the  Asthmatic 
Anymore" 

.ilexandre  Rotta  MD  and 
Melissa  Brown 
"I  pdate  on  Liquid 
\  entilation"  and  "IC  IJ 


□  AARC02-141-142C  Management  of  RS\  ' 


1  audio  CD.  $16 

□  AARC02-143 

2  audiotapes.  $20 
□  AARC02-143C 

/  audio  CD.  $16 


.4le\andre  Rotta  Ml)  and 
.Michael  .tnderson  MD 
PFT  Error  Recognition 
Thomas  Smalling 


Ttiesdav,  October  8,  2002 


□  AARC02-145 
/  audiotape.  $10 

a  AARC02-145C 
2  audio  CDs.  $16 

□  AARC02-146 
/  audiotape.  $10 

□  AARC02-146C 
/  audio  CD.  $16 

□  AARC02-147 
/  audiotape.  $10 

□  AARC02-147C 
/  audio  CD.  $16 

□  AARC02-148 

/  audiotape.  SIO 

□  AARC02-148C 
/  audio  CD,  $16 

□  AARC02-149 

/  audiotape.  $10 

a  AARC02-149C 

/  audio  CD.  $16 

□  AARC()2-150 

/  audiotape.  $10 

□  AARC02-150C 
/  audio  CD.  $16 

□  AARC(J2-151 

/  audiotape.  $10 

□  AARC02-151C 
/  audio  CD.  $16 

□  AARC02-152 

/  audiotape.  $10 

aAARC02-152C 

/  audio  CD.  $16 

□  AARC02-154 

/  audiotape.  $10 

□  AARC02-154C 
/  audio  CD.  $16 

a  AARC02-155 
/  audiotape.  $10 

□  AAR(02-155C 
/  audio  CD.  $16 

□  AARC02-157 

/  audiotape.  $10 

□  AARC02-157C 
/  audio  CD.  $15 

□  AARC02-156 

/  audiotape.  $10 

□  AARC02-156C 
/  aiidui  CD.  $16 

□  AARC02-158 

/  audiotape.  $10 

a  AARC02-15SC 

/  audio  CD.  $16 

□  AARC02-159 

/  audiotape.  $10 

□  AARC02-159C 
/  audio  CD.  $16 

a  AARCO2-I6O-U1I 
/  audiotape.  $10 

□  AARC02-160-161 
/  audio  CD.  $16 


The  Many 
Misperceptions  of 
Asthma 

Thomas  Katlstrom 
OSA:  An  Overusei 
Diagnosis? 

dreg  Spratt 

Portable  Sleep  Te: 
Current  Issues 

David  Lam  PhD 

Advances  in  the  D 
and  Management 
Cystic  Fibrosis 

Carolyn  Keresmar 
Pediatric  Non-In\ 
Ventilation 

James  Martin 

New  Approaches  ' 
Management  of  P 
Asthma 

Carolyn  Keresmar 
A  New  Paradigm 
Management  of 
Respiratory  Care 
James  Cairo  PhD 
Meeting  lahorati 
Accreditation  Sta 
\\  riting  the  Proc< 
Manual 

Susan  Blonshine 
What  to  Do  with  1 
Elephant 
Kevin  Shrake 

Outcomes  of  Pulr 
Rehabilitation  foi 
Different  Disease 
.\,'/7  Moi  Intvre  A/i 
How  to  Incorpor: 
Smoking  Cessatit 
Pulmonary  Reha 
Sheila  Shearer 
Diagnostic  Testin 
Pulmonary  Reha 
C  'at  her  me  Loss 

Components  and 
Structure  of  a 
Pulmonary  Reha 

Rebecca  Crouch 
Reimbursement  1 
PulnionarN 
Rehabilitation 
Susan  RinaUlo-Gii 
"Anatomy  of  a  R 
Paper:  Science  V 
1(11"  and  "The  \ 
Section:  The  Bac 
Good  Paper 
Richard  Branson 
Richard  Kallet 


1  AARC02- 162-1  o.> 
/  audiotapv.  $10 

3  AARC()2-l62-Ui3C 
/  iiiulio  CD.  $lr> 


I  AARC02-U)4-165 
/  iiiuliotiiih'.  SIO 

;3AARC02- 16-1-1 65C 
/  ,iiHlii)  CD.  SI6 


"Ki^uri-s  :in(l  I  iihies: 
Sho»in<>  und  lcllin<i 
KITocIiAc'In"  and  "I  ho 
Discussion  Section: 
C  larifNinc  and 
lntcrprctatlii<>  Without 
(idling;  C  ariicd  Awaj 
Charli's  Diirhin  MD  ami 
Dean  He.ss  MD 
"Hon  to  Starch  the 
Literature  and  Select  the 
Riyht  RelVrcnces:  Placing 


□  AARC02-I7S 

/  aiuliolu/H'.  $111 

□  AARa)2-175C 
/  aiulio  CD.  $Jf> 

□  AARC02-I76 

J  amhi'hipcs.  $211 

□  AARa)2-17W 
:  audio  CDs.  $16 

□  AARC02-177 

/  audiotape.  SIO 

□  AARC02-177C 
/  audio  CD.  $16 


\»ur  Paper  in  ConlcM"  and  □  AARC02-I7>S 


I  AARC02-I66-167 
1/  audiotape.  $10 
p  AARr02-l66-167C 
i/  audio  CD.  $16 


AARC02-168 
/  audiotape.  $111 
1  AARC02-168C 
/  audio  CD.  $16 

AARC02-171 
/  audiotape.  $10 
IAARC02-171C 
/  audio  CD.SI6 

AARC()2-172 
/  audiotape.  $10 
IAARC02-172C 
/  audio  CD.  $16 

AARC02-173 
/  audiotape.  $10 
3AARC02-173C 
/  audio  CD.  $16 

AARC02-I74 
'  audiotape.  $10 
I  AARC02-174C 
'  audio  CD.  $16 


"I  he  I  op  10  Reasons  \\  hy  /  iiiklioiu/>e,  $10 

Papers  are  Rejected"  □  AARC()2-178C 

Josepit  Kau  I'liD  ami  I  audio  CD,  $16 

David  Piersou  MD  □  AARC02- 1 80 

"The  Psychosocial  Aspects  /  audiotape.  SIO 

of(  hronic  Respiratory  □  AARC02-180C 

Disease  on  Patient  and  /  audio  CD.  $16 

Family"  and  "My  □  AARC02-181 

Kxperience  Coping  with  /  audiotape.  $10 

Chronic  Respiratory  Q  AARrn2-18ir 

Disease"  /  audio  CD.  SI 6 
Karia  Kosel  and 

Barbara  Roi;ers  Q  AARC02-182 

The  Respiratory  Therapist  /  audiotape.  SIO 

and  Carina  lor  Ihose  with  U  AARC02-1X2C' 
Chronic  Respiratory  Disease     /  audio  CD.  $16 


.-l/(s,'(7i;  Kiiii; 

Neonatal/Pediatric 

Monitorin<;  and 

Diagnostic  Testing 

James  Martin 

\.\P:  Doing  the  Right 

Thing 

Gary  Hospodar 

Creating  an  Klfective 
Kmergency  Preparedness 
Plan  for  \  our  llumecare 
Organization 

Joan  Koli(ir\l 
Monitoring  Pulmonary 
Mechanics  During 
Mechanical  \'entilation 
Melissa  Brown 


Community  Outreach 
Opportunities:  "Pay  It 
horward" 

(/,/(/  lio^l 

Sleep  Scoring  Skills 

Russell  Rozenskv 


□  AARC02-183 
/  audiotape,  $10 

□  AARC02-183C 
/  audio  CD.  SI 6 

a  AARC02-184 
/  audiotape,  $10 

□  AARC02-184C 
/  (/;((/;()  CD.  $16 

Q  AARC02-185 
I  audiotape.  $10 

□  AARC02-185C 
/  audio  CD.  $16 

□  AARC02-1S6 
I  audiotape.  $10 

□  AARC02-I86C 
/  audio  CD.  $16 

□  AARC02-187-1S8 
/  audiotape.  SIO 

a  AARC02-187-188C 
/  audio  CD.  S16 


□  A\RC02-189-190 
/  audiotape.  $10 

□  AARC()2- 189-1900 
/  audio  CD.  $16 

□  AARC02-191-I92 
/  audiotape.  SKI 

□  AARC()2-I91-192C 
/  audio  CD  $16 


Home  Management  of 
COPD 

Lori  Davis 

Home-Based  Asthma 
Disease  Management 

Timothy  Buckley 

Uses  and  Abuses  of 
Monitoring 

Charles  Durhin  MD 

Capnography:  What  Can 
\  ou  Learn  ahout 
C  ardiopulnxmary 
Function? 

Keilh  Littlcwoiid  MD 
W  hafs  in  the 
Plethysmogram? 

.lohn  (jrayheal 

What  is  Fvidenee-Based 
Medicine  and  Hon  (an  I 
Practice  It? 

Dean  Hess  PhD 
Outcomes  of  F,\idence- 
Based  Medicine 

Rohert  Chathurn 

Clinical  Practice 
(iuidelines  in  F\idence- 
Based  Medicine 

Carl  MdUram 
lising  tvidence-Based 
Medicine  v\ith  Mechanical 
\  entilation 

Neil  Maclnlvrc  MD 
"Pulmonary  Rehabilitation 
and  "Home  Care" 

Neil  Maclimre  .MD  and 
Patrick  Dunne.  MEd 


□  AARC02-I93 

/  audiotape.  $10 

□  AARC02-193C 

1  audio  CD  $16 

□  AARC02-I94 

/  audiota/K'.  SID 

□  AARC02-194C 
/  audio  CD  $16 

□  AARC02-I95 

/  audiotape,  $10 

□  AARt():-195r 
/  audio  CD.  $16 

a  AARrn2-i96 

/  audiotape.  SIO 

□  AARa)2-l96C 
/  audio  CD  $16 

□  AARC02-197 

/  audiotape.  $10 

□  AARC02-197C 
/  audio  CD  $16 

a  AARC02-t98 
/  audiotape.  $10 

□  AARC02-198C 
/  audio  CD  $16 

□  AARC02-1W 

/  audiotape.  $10 

□  AARC02-199C 
/  audio  CD  $16 

a  AARC02-20() 

2  audiotapes.  $20 

□  AARC02-2O0C 
/  audio  CD  $16 

□  AARC02-201 

/  audiotape.  SIO 

□  AARC()2-201( 
"  /  audio  CD.  $16 


"l.ong-lerni  Oxygen  I  h» 
and  "Aerosol  Therapy" 

Kent  Christopher  MD  and 

Joseph  Ran  PhD 

"Managing  Respiratory 

Secretiims"  and 

"i'lilnionary  Function 

Testing" 

Dean  Hess  PhD  ami 

.Susan  lilonshine 

Cardi<ipulmonary 

Resuscitation 

Thomas  liai  ne\  MD 

Creating  the  Ambassadoi 
Fun  Workforce 

A.V17'/;  Shrake 

Project  Management  an* 
Performance  lmpro\enK 
More  Lessons  from  Dilht 

IVilliani  Mai  ley 

CPAP  Devices:  All  is  Not 

What  it  Seems 

Robert  McCoy 

Humidity  in  CPAP 
Therapy :  W  hat  and  Why 

.lames  .Sie.i;maier 

CPAP  Interfaces:  Clinics 
Challenges 

David  Lam  PhD 

Critical  Thinking  for 
Homecare  Providers 

Joan  Kohinsi 

Trivia  in  Tampa  Part  2 

David  Pieison  MD; 
Jeff  Ward  MEd 

Hon  Not  to  Recruit  and 
Retain  Staff 

Kevin  Shrake 


First  Name 


Last  Name 


Optional  Ovemighi  Shipping  Sersicc:    I'lease  supply  us  with  your  I  cdhx 

account  number,  or  I'cdHx  can  charge  your  credit  card. 

(This  is  in  addition  to  the  $1.''  Ill)  A'(  Sll  charge  /or  same  Jay  processing.! 


Business  Name 


Mailing  Address 


Please  ledhx  ni>  order  to  me.  Charge  my: 
a  Credit  Card  H 


City.  State  Province.  Country 


a    FedEx  .\cct.tt 


Zip.  Postal  Code 


Number  of  Audiotapes'Audio  CD 


Audiotjipf<i 


Audiu  (  l>s 


Daytime  Telephone 


Number  of  12  .Audiotape.  Audio  CD  Packages 


Fax 


Number  of  FULL  SETS 


Extra  Storage  .'\lbunis  X  S7.00 


Email  address 

PAYMENT  METHOD  (Select  one): 

a  Cash  □   Travelers  Check 

O   Purchase  Order**  (.Add  S5.00  service  charge  and  hard  copy  with  order) 

Q  Check  (Payable  to  Sound  Images.  Inc.)  In  US  Funds 

□  Credit  Card 
(Circle  one) 


Domestic  Shipping  -  SI. 00  per  audiotape  ("D. 
S2.00  minimum;  SI 0.00  maximum  Int'l  Rates: 
$2.00  per  audiotapeCD,  S6  ()()  min. 


Standard  processing  is  within  .'i  working  days. 
For  same  day  RUSH  processing,  add  SI 5.00 


Card  Number: 


exp:_ 


"Purchase  Orders  ■  add  S5  OO  to  total 
for  orders  to  be  invoiced  (not  required  if 
pri/hi}ini;i.    Include  hard  copy  of  P  O. 
.4  niinununi  /:uri  li.isc  of  $251111  /v  reifuirec! 


Cardholder  Signature: 


TOTAL  ENCI.OSED: 


SOUND  l\l.\(ilN.  INC    •  "".IXX  Soulli  RevcreParkwiiVf'SIKi-!  ngievsiKKl.C'O  Sll  II 2  •  Pliorie.  (.^ll.^)^4>*-lsl  I  •  l'j\;  l.^ll.^p^)0-4:.l(l  •  l.iiuil.  DnJenvii.siiumliciuigi.-s.ncl  •  ivvvw  ■.iiuiKjniiagcs.ncl 


Notices 


Nolices  of  compclilions.  scholarships,  fellow  ships,  examination  dates,  new  educational  programs. 

and  the  like  will  be  listed  here  free  of  charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days 

before  the  desired  month  of  publication  (Januarv'  I  for  the  March  issue.  Februar\  I  for  the  April  issue,  etc).  Include  all 

pertinent  information  and  mail  notices  to  RESPIRA  rORY  CaRH  Notices  Dcpt.  I  1030  Abies  Lane.  Dallas  TX  7f>229-4593. 


l^t^uKd^  2003 


#1  Weaning  the  Long-Term  Ventilator  Dependent 

Patient  —  Da\  id  J  Scheinhorn  MD/Du\  id  J  Pierson  MD 

FAARC 

Live  March  1 1 ;  Audio  April  15 

#2  Management  of  Pediatric  ARDS  —  Michael 
Anderson  MD/Timothy  R  Myers  RRT 
Live  April  8:  Audio  May  13 

#3  Implementing  Protocols:  What  Have  We  Learned 
About  Being  Successful?  —Richard  M  Ford  RRT 
FAARC/Sam  Giordano  MBA  RRT  FAARC 
Li\e  May  6:  Audio  June  10 

#4  Improving  Patient  Safety  in  Acute  Care  Hospitals: 
What  Do  Respiratory  Therapists  Need  to  Knovv?  — 

Karen  J  Steu  art  MS  RRT/Kevin  Shrake  MA  RRT 

FAARC 

Live  June  3;  Audio  July  8 

#5  Legal  Issues  That  Impact  the  Practice  of  Respiratorj 
Therapists  —Anthony  Dewitt  JD  RRT  FAARC/ 
Sam  Git)rdano  MBA  RRT  FAARC 
Live  August  12;  Video  September  16 

#6  Asthma  Disease  Management:  What's  New  and 
How  Is  It  Working?  —  Thomas  J  Kalistroni  RRT 
FAARCArimuthy  R  Myers  RRT 
Live  September  9;  Video  October  14 

#7  Sedation  and  Paralysis  in  the  Mechanically 

\  entilated  Patient—  William  L  Hurlord  MD/Ucan  R 

Hess  PhD  RRT  FAARC 

Live  October  7:  Video  No\  ember  7 

#S  Blood  Gases:  Doing  It  Right  from  Collection 
Through  Analy  sis  —  Carl  D  Mottram  RRT  RPFT/ 
Richard  I)  Branson  RRT  FAARC 
Live  November  4:  Video  December  2 


#"^  Helpful  IDeb.Sites 

i^ —  1^ 

American  Association  for  Respiratory  Care 

http://ww\v,aarc.()rg 

—  Current  job  listings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

http:// www.  nbrc.org 

RESPIRATORY  CARE  online 

http://www.rcjournal.com 

—  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

—  Open  FORUM;  submit  your  abstract  online 

Asthma  Educator  -  Certified  (AE-C) 
http://www.naecb.org 

Asthma  Management 
Model  System 

http://www.nhlbi.nih.gov 

Keys  to  Professional  Excellence 

http://www.aarc.org/keys/ 

Committee  on  Accreditation  for  Respiratory  Care 

http://vs^ww.coarc.com 


The  National  Board  for  Respiratory  Care — 
Examination  Fees  for  2002/2003 


Examination 

CRT 


Perinatal/Pediatric 


CPFT 


RPFT 


Examination  Fees 

$190  (new  applicant) 
$i50(reapplicant) 

$250  (new  applicant) 
$220(reapplicant) 

$200  (new  applicant) 
$l70(reapplicant) 

$250  (new  applicant) 
$220  (reapplicanl) 


RRT  $190  (new)  $150  (rcappl leant)  written  only 

(Written  $200  (new  and  reapplicanl)  CSE  only 

&  CSE)  $390  (new)  $350  (reapplicant)  both 

For  int'ormation  ahoiil  other  services  or  fees,  write  to  the 

National  Board  for  Respiralorv  Care. 

S.'^IO  Nicman  Rival.  Lencxa  KS  66214.  or  call 

( I)  1 3 )  .s')')-42( )( ),  [•  A.\  ( 913)  ?4 1  -0 1 56, 

or  c-iiiall:  11brc-i11fo@nbrc.or2 
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American  Association  for  Respiratory  Care 

MEMBERSHtP  APPUCATION 


ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  the  U  S  or  its  territories  or  was  an  Active  Member 
prior  to  movinq  outside  its  borders  or  territories,  ond  meets  ONE  of  the  following  criteria  (1) 
IS  legally  credentioled  os  a  respirotory  care  professional  if  employed  in  a  state  that 
mondotes  such    OR  (2)  is  a  graduate  of  on  accredited  educational  program  in  respiratory 

care,  OR  (3)  holds  a  credential  issued  by  'he  NBRC 

ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  core  but  do  not  meet  the  requirements 
of  Active  Member  shoH  be  Associate  Members  They  hove  all  the  rights  and  benefits  of  the 
Association  except  to  hold  office,  vote,  or  serve  os  choir  of  o  stonding  committee  The 
following  subclasses  of  Associate  Membership  ore  avoilable  Foreign,  Physician,  and 
InduslrioT  (individuals  whose  primary  occupation  is  directly  or  indirectly  devoted  to  the 
manufacture,  sale,  or  distribution  of  respiratory  core  equipment  or  supplies).  Special 
Members  are  those  not  working  in  a  respiratory  core-related  field. 

STUDENT  MEMBER 

Individuals  will  be  classified  os  Student  Members  if  they  meet  all  the  requirements  for 
Associate  Membership  and  ore  enrolled  m  on  educational  program  in  respiratory  core 
occredited  by.  or  in  the  process  of  seeking  accreditation  from,  on  AARC-recognized  agency 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Care 
Education  (CRCE)  transcripts  Upon  completion  of  your  respiratory  core  education, 
continuing  education  credits  may  be  pursued  upon  your  reclossificotion  to  Active  or 
Associate  Member 


Please  read  the  eligibility  requirements  for  each  of  the  classifications 
above,  then  complete  the  form.  All  information  requested  must  be 
provided,  except  v/here  indicated  as  optional  See  other  side  for  more 
information  and  fee  schedule.  Please  sign  and  dote  application  on  reverse 
side  and  type  or  print  clearly.  Processing  of  application  takes 
approximately  15  days. 


n 

Active 

Associate 

^ 

Foreign 

^ 

Physician 

Industrial 

□ 

Special 

n 

Student 

Last  N 

3me 

First  Name 


Social  Security  No. 
Home  Address 


City. 


State 


.Zip 


Phone  No. 


You  are  automatically  assigned  to  a  state  society  based  on  your  home 
address.  If  you  wish  to  be  assigned  to  a  different  state  society,  please 
indicate  which  state  that  is  here: 

Work  Information: 

Place  of  Employment 

Address 

City 

State  


.Zip 


Phone  No, 


Would  you  like  to  receive  our  monthly  newsletter,  AARC  Report, 
by  email? 

Yes  D  No 

Have  you  ever  been  or  are  you  currently  in  the  military? 
G  Yes  D   No 

Demographic  Questions  (optional) 

We  request  that  you  answer  these  questions  in  order  to  help  us  design 
services  and  programs  to  meet  your  needs. 

Primary  Job  Responsibility  (check  one  only] 

Director  (Technical  or  Program)          Therapist/Technician 
D   Supervisor                                 D   Medical  Director 
n   Diagnostic  Technologist           D   Student 
D.   Instructor/Educator                  H   Staff  Nurse 
'      Other,  specify 


Type  of  Business 

Educational  Institution 
D  DME/HME 
n   fHome  Health  Agency 
n   Hospital/Acute  Care 
C   Other,  specify 


Manufacturer  or  supplier 
D  Outpatient  Clinic 
n   physician  office 
:   Skilled  Nursing  Facility 


Check  the  Highest  Degree  Earned 

U   High  School  Bachelor's  Degree 
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for  12  months.  These  fees  contain  the  $12.50  new  members 
processing  fee.  Renewing  members  (except  students)  con  deduct 
$12.50. 
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issues  of  specific  concern  to  that  specialty.  The  sections  also  design 
the  specialty  programming  at  the  national  AARC  meetings. 
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Manuscript  Preparation  Guide 


Respirator'^'  Care  vxelcomes  original  maiuiscripts  related  to  the  sci- 
ence and  tcchnolog)  ofrespiiatoi')  citrc  and  prcp;ucd  according  to  the 
following  instnictions  and  the  Uniform  Requirements  for  Manuscripts 
Sulmiittedto  BiomedicaUoumals  (available  at  httpJAvww.icmje.or)^/ 
index. html).  Manuscripts  are  blinded  and  re\iewed  by  profession- 
als with  experience  in  the  subject  of  the  paper.  Authors  are  respon- 
sible tor  obtaining  w  ritten  pennission  from  tlie  original  copyright  hold- 
er to  use  previously  published  figures  and  tables.  Before  publication, 
authors  recei\  e  page  proofs  and  are  allowed  to  make  only  minor  cor- 
rections. Accepted  manuscripts  are  copy-edited  for  clanly.  concision, 
and  consistencN  with  RESPIRATORY  Care's  format.  Published 
papers  ;ire  copy  righted  b>'  Daedalus  Lie  and  may  not  be  published  else- 
where  without  permission.  Editorial  consultation  is  available  at  any 
stage  of  planning  or  writing:  contact  the  Editorial  Office,  600  Ninth 
Avenue.  Suite  702,  Seattle  WA  98104,  (206)  223-0558,  fa.\  (206) 
223-0563,  E-mail:  rcjoumal@aarc.org 

Categories  of  Articles 

Research  Article:  A  report  of  an  original  investigation  (a  smdy).  Mu.st 
include:  Title  Page,  Abstract,  Key  Words,  Introduction,  Methods, 
Results.  Discussion,  Conclusions,  and  References.  May  also  include: 
Tables.  Figure^  (if  so,  must  include  Figure  Legends),  Acknowledg- 
ments, and  Appendi.xes. 

Re\iew:  A  comprehensi\  e.  critical  review  of  the  literature  and  state- 
of-the-art  summar\  of  a  topic  that  has  been  the  subject  of  at  least  40 
published  research  articles.  Must  include:  Title  Page,  Outline, 
Abstract,  Key  Words,  Introduction.  Review  of  the  Literature.  Sum- 
mary, and  References.  May  also  include:  Tables.  Figures  (if  so.  must 
include  Figure  Legends),  Acknowledgments,  and  Appendixes. 

Overview;  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles.  Same  structure  as  Review  Anicle. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has  been 
critically  reviewed  in  RESPIR.J.TORY  CaRE  or  elsewhere.  Same  struc- 
ture as  a  Rc\  iew  .Article. 

Special  .Article:  A  peninent  paper  not  fitting  one  of  the  other  cate- 
gories. Consult  with  the  Editor  before  writing  or  submitting  such  a 
paper. 

Exlitorial:  A  paper  addressing  an  issue  in  the  practice  or  administration 
of  respiratory  care.  It  may  present  an  opposing  opinion,  clarify  a  posi- 
tion, or  bring  a  problem  into  focus. 

Letter:  A  brief,  signed  communication  responding  to  an  item  pub- 
lished in  Respiratory  Care  or  about  other  pertinent  topics. 
Tables.  Figures,  and  References  may  he  included.  The  letter  should 
be  marked  "For  Publication."" 


Case  Report:  Report  of  an  uncommon  clinical  case  or  a  new  or 
iniprined  nictliod  of  in;uiagenieiil  or  treatment.  A  case-managing  physi- 
cian must  either  be  ;in  author  or  furnish  a  letter  approving  the  manuscript. 
Must  include:  Title  Page.  Abstract.  Key  Words.  Introduction.  Case 
Summary.  Discussion,  and  References.  May  also  include:  Tables.  Fig- 
ures (if  so.  must  include  Figure  Legends),  and  Acknowledgments. 

Point-of-View:  A  paper  expressing  personal  but  substantiated  opinions 
on  a  pertinent  topic.  Mtist  include:  Title  Page.  Text,  and  References.  May 
also  include:  Tables  and  Figures  ( if  so,  must  include  Figure  Legends). 

Drug  Capsule:  A  miniauire  review  paper  about  a  drug  or  class  of  dmgs. 
Drug  Capsules  address  pharmacology,  phaniiacokinetics.  and/or  phar- 
macotherapy. 

Graphics  Comer:  A  brief  instructive  case  report  discussing  and  illus- 
trating waveforms  for  monitoring  or  diagnosis.  Must  include:  Ques- 
tions. Answers,  and  Discussion. 

PFT  Corner:  A  brief,  instnictive  case  report  arising  from  pulmonary 
function  testing,  accompanied  by  a  review  of  the  relevant  physiolo- 
gy and  appropriate  references  to  the  literature.  Must  include:  Ques- 
tions, Answers,  and  Discussion. 

Test  Your  Radiologic  Skill:  A  brief.  instnicti\e  case  report  pertinent 
to  respirator)'  care  and  in\ol\  ing  imaging,  including  one  or  more  radio- 
graphs or  other  images  submitted  as  black  and  white  glossy  photographs 
that  clearly  illustrate  the  teaching  points  being  made.  Must  include: 
Questions.  Answers,  and  Discussion. 

Preparing  the  Manuscript 

Double-space  the  text  and  number  the  pages.  Do  not  include  author 
names,  author  institutional  affiliations,  or  allusions  to  institutional  affil- 
iations anywhere  except  on  the  title  page.  On  the  Abstract  page  include 
the  title  but  do  not  include  author  names.  Begin  each  of  the  follow- 
ing on  a  new  page:  Title  Page.  Abstract.  Text.  Acknowledgments.  Ref- 
erences, each  Table,  each  Figure,  and  each  Appendix.  Use  standard 
English  in  the  first  person  and  active  voice.  Type  all  headings  in  ini- 
tial-capital letters  (eg.  Introduction.  Methods.  Patients.  Equipment. 
Statistical  Analysis.  Results.  Discussion).  Center  the  main  section  head- 
ings and  place  second-level  headings  on  the  left  margin. 

Abstract.  Please  ensure  that  the  abstract  does  not  contain  any  facts 
or  conclusions  that  do  not  also  appe;ir  in  tlie  IxKly  text.  Limit  tlie  abstract 
to  no  more  than  250  weirds. 

Key  Words.  Include  a  list  of  6  to  10  key  wiirds  or  key  phrases  in 
Research  Articles.  Reviews.  Overs  lews.  Special  .Articles,  and  Case 
Reports.  Key  words  are  best  selected  from  the  Medical  Subject  Head- 
ings (MeSH)  used  by  MEDLINE  and  available  at  http://www.nlm.nilt 
gin /mcsh/meshhi  inn. html. 
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RcfiTunces.  Assign  reference  numbers  in  the  order  that  articles  are 
cited  in  your  manuscript.  Al  the  end  of  the  manuscript,  list  the  cited 
works  in  numerical  order.  Ahbre\iale  journal  names  a.s  in  Index Medi- 
ais.  List  all  authors.  If  the  rese;irch  has  not  yet  been  accepted  for  pub- 
lication, cite  the  research  as  a  personal  communication  (eg. 
.Smith  KR.  personal  communication,  200 1 );  howewr.  ytni  miisl  ohhiiii 
wrincn  permission  from  llic  iiiilhor  U>  cite  liis  or  Iter  unpiililislwd  data. 
Do  not  number  such  references;  instead,  make  parenthetical  reference 
in  the  body  text  of  your  manuscript.  Example:  "Recently.  Jones  et  al 
found  this  treatment  effective  in  4.*^  of  X.^  patients  (.lones  HI.  personal 
communication,  2()()())." 


Corporate  author  book: 

American  Medical  Association  Department  ol  Drugs.  AMA 
drug  evaluations,  3rd  ed.  Littleton  CO:  Publishing  Sciences 
Group:  1^77. 

Chapter  in  book  with  editor(s): 

Isono  S.  L'pper  aii-vvay  muscle  function  during  sleep.  In:  Lough- 
lin  GM.  Carroll  JL.  Marcus  CL.  editors.  Sleep  and  breathing  in 
children:  a  developmental  approach.  (Lung  Biology  in  Health  ;ind 
Disease.  Vol  147.  Claude  Lenfant.  Executive  Editor.)  New 
York/Basel:  Marcel  Dekker;  2000:261-291. 


The  followins  exanipk-s  show  Rksimka TOR^  Care's  .style 
for  reliTences. 

Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Article  in  ajoumal  carrying  pagniation  throughout  the  \olume: 
Legere  BM.  Kavuru  MS.     Pulmonary  function  in  obesity. 
Respir  Care  2000:4.'i(  8 1:967-968. 

.'\rticle  in  a  publication  that  numbers  each  issue  beginning  with  Page  1 : 
Kallstrom  TJ.  Focus  on  asthma — disease  management:  a  role  for 
the  respiratory  therapist.  AARCTimes  1999:2.^(Oct):16.  17.  19. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Clinical  Practice 
Guideline.  Removal  of  the  endotracheal  tube.  Respir  Care 
1999:44(1  ):85-90. 

.Article  in  journal  supplement:  ( Joumals  differ  in  numbering  and  iden- 
tifying supplements.  Supply  infomialion  sufficient  to  allow  retriexal.l 
Barnes  PJ.  Endogenous  inhibitory  mechanisms  in  asthma.    .\\n 
J  Respir  Crit  Care  Med  2000:  161(3  Pt  2):S176-SI8I. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided,  and  those 

more  than  3  years  old  should  nol  be  cited. ) 

Volsko  TA,  De  Fiore  J.  Chatburn  RL.  Acapella  vs  flutter:  per- 
formance comparison  (abstract).  Respir  Care  2000:4.'S(8):991 . 

Editorial  in  ajoumal: 

Giordano  SP.  What's  that  souiKr.'  (editorial)  Respir  Care 
20()();4?(1()):1  167-1  168. 

Editorial  w  ilh  no  aullior  given: 

The  perils  ol  |iaediatric  research  (editorial).  Lancet 
1999;353(9154);685. 

Letter  in  journal: 

Piper  SD.  Testing  conditions  for  nebulizers  ( letter).  Respir  Care 
2()(K);45(8):97I. 


World  Wide  Web 

American  Lung  Association.  Trends  in  pneumonia,  intluen/a.  and 
acute  respiratory  conditions  mortality  and  morbidity ,  Fehni;ir\ .  2(X)0. 
http://wwvv.lungusa.org/data.  Accessed  November  20.  2()(X). 

Tables.  Tables  should  be  consecutively  numbered.  At  the  bottom 
ol  the  table  define  and/or  explain  all  abbreviations  and  symbols  used 
in  the  table.  For  footnotes  use  the  following  symbols,  superscripted, 
in  the  table  body,  in  the  following  order:  *.  t.  +.  S.  ||.  1.  **.  tt.  If 
data  include  a  "±"  value,  please  indicate  whether  the  value  is  a  stan- 
dard deviation  or  standard  error  of  the  mean. 

Figure.s  (illustrations).  Figures  include  graphs,  line  draw  ings.  pho- 
tographs, and  radiographs.  All  figures  should  be  sharp  black-and- 
white  images  and  be  camera-ready.  Glossy  prints  are  preferred,  but 
a  good  laser  print  w  ill  do.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Radiographs  should  clearly  illustrate  the  point  being 
made  and  should  Ix-  submitted  as  black-and-w  hite  glossy  photographs. 
If  color  is  essential  to  the  figure,  consult  the  Editorial  Office  for 
more  information.  In  reports  of  animal  experiments,  use  schemat- 
ic drawings,  not  photographs.  A  letter  of  consent  must  accompa- 
ny any  photograph  of  an  identifiable  person.  Number  figures  con- 
secutively as  Figure  1,  Figure  2.  etc.  All  the  figures  must  be  mentioned 
in  the  text.  Every  figure  must  have  a  legend  (a  title  and/or  descrip- 
tion explaining  the  figure).  Figure  legends  should  appear  as  sep- 
arate paragraphs  at  the  end  of  the  manuscript  (after  the  References 
section),  ill  the  same  computer  file  as  the  mantiscript  (not  in  a  sep- 
arate file,  as  w  ith  the  tables  and  figures). 

Do  not  create  scanned  versions  of  figures  borrowed  from  other  pub- 
lications; clear  photocopies  are  preferable.  To  include  figures  pre- 
\  iously  published  in  other  publications  you  must  obtain  permission 
from  the  original  copyright  holder.  Figures  must  be  of  professional 
quality  and  a  copy  of  the  article  from  which  the  figure  came  should 
be  available. 

DniKs.  Precisely  identify  all  drugs  and  chemicals  used.  gi\ mg  gener- 
ic (nonproprietary)  names,  doses,  and  methods  of  administration. 
Brand  or  trade  names  may  be  given  in  parentheses  after  generic 
names. 


Book:  (For  any  book,  specific  pages  should  be  cited  whenever  ref- 
erence is  made  to  specific  statements  or  other  content. ) 

Cairo  .IM.  Pilbeam  SP.  Mosby's  respiratory  care  equipmeni,  6th 

ed.  St  Louis:  Mosby;  1999:76-85. 


ConuiKTcial  Products.  In  ilie  lc\l.  pareiuhclic.illy  idcnlily  com- 
mercial products  only  on  hist  mciuion.  gi\  ing  ihe  manufacturer's 
name  ami  location.  Example:  "We  peiformed  spirometi-y  ( 108.^  Sys- 
tem. Medical  Graphics.  Minneapolis.  Minnesota)."  Provide  model 
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numbers  ira\ail;iblc.  ami  niamifactiirer's  suggested  price  if  (he  sluJy 
has  eosl  implicalioiis. 

Permissions:  You  must  obtain  written  permission  to  use  pictures 
ol  idenlitiable  indi\  iduals  or  to  name  indi\  iduais  in  the  Acknovv  I- 
edgments  section.  You  must  obtain  written  permission  trom  the 
original  copyright  holder  to  use  figures  or  tables  from  other  pub- 
lications. Copies  of  all  applicable  permissions  must  be  on  file  at 
Ri:,spiRATOR'i'  C'ARI-  before  a  manuscript  goes  to  press.  Copyright 
is  most  olfen  held  by  the  journal  or  book  in  which  the  figure  or  table 
originally  appeared  and  applies  to  the  creativity,  style,  and  form 
in  which  the  facts/data  are  presented  to  the  reader;  the  facts  ihem- 
.seKes  are  not  copyright-protectable.  Tlierefore.  [x;rmission  is  reqinred 
to  reproduce  a  table  or  figure  directly,  or  with  minor  adaptations, 
from  a  journal  or  book,  but  perrnission  is  not  required  if  data  are 
e.xtracted  and  presented  in  a  nev\  fomiat.  In  that  case,  cite  the  source 
of  the  data  as  in  the  following  example:  "Adapted  from  Reference 
23." 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate  that 
procedures  were  conducted  in  accordance  with  the  ethical  standards 
of  the  World  Medical  Association  Declaration  of  Helsinki  (see  Respir 
Care  1997;42(6):635-636;  also  available  at  http://\vw\y.wma.net/e/ 
1 7-c_eparaiiraphnwnherinfi.html)  or  of  the  institution's  committee 
on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patients"  names,  initials,  or  hospital  numbers  in 
text  or  illustrations.  When  reporting  experiments  on  animals,  indicate 
that  the  institution's  policy,  a  national  guideline,  or  a  law  on  the  care 
and  use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data  and 
give  the  prospectively  detemiined  level  of  significance  in  the  Meth- 
ods section.  Report  p  values  in  the  Results  section.  Cite  only  textbook 
and  published  article  references  to  support  choices  of  tests.  Paren- 
thetically identify  any  computer  programs  used.  If  data  include  a  "±" 
value,  please  indicate  whether  the  value  is  a  standard  de\  iation  or  stan- 
dard error  of  the  mean. 

Units  of  Measurement.  Express  all  measurements  in  SI  (Sysleme  Inler- 
nalioncitc)  units  (units  and  conversion  factors  listed  at  Respir  Care 
I997;42(6):64()  and  also  available  at  hltp://w\vw. rcjoiinuil.com/ 
auth(>r_ifuide/.  Show  gas  pressures  (including  blood  gas  tensions)  in 
millimeters  of  mercury  (mm  Hg). 

Conflict  of  Interest.  On  the  cover  page,  authors  must  disclose  any 
liaison  or  financial  arrangement  they  ha\e  with  a  manufacturer  or 
distributor  whose  product  is  addressed  in  the  manuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  Such  arrange- 
ments do  not  disqualify  a  paper  from  consideration  and  are  not  dis- 
closed to  reviewers.  Reviewers  are  screened  for  possible  conllict  ot 
interest. 

Abbreviations  and  Symbols.  Use  the  standard  abbreviations  and 
symbols  listed  at  Respir  Care  1997;42(6):637-642  (also  available 
at  http: //www. rcjournal. com/author _guide/l  Do  not  create  new 
abbreviations.  Do  not  use  abbreviations  in  the  title  or  section  head- 
ings and  do  not  use  unusual  abbreviations  in  the  abstract.  Use  an 


abbrex  iation  only  if  the  term  occurs  4  or  more  times  in  the  paper. 
Parenthetically  define  nil  abbreviations:  write  out  the  full  term  on 
first  mention,  followed  by  the  abbreviation  in  parentheses. 
Example:  chronic  obstructive  pulmonary  disease  (COPD).  There- 
after use  only  the  abbreviation.  Standard  units  of  measurement  and 
scientific  terms  can  he  abbreviated  wilhoul  explanation  (eg.  L/min. 
mm  Hg.  pH.  Oi). 

Please  use  the  following  forms:  cm  H^O  (not  cmH20).  f  (not  bpm). 
L  (not  1).  L/min  (not  LPM.  l/min.  or  1pm).  mL  (not  nil),  mm  Hg  (not 
niniHg).  pH  (not  Ph  or  PH),  p  >0.(M)l  (not  p>0.001 ),  s  (not  sec),  Spo2 
(arterial  oxygen  saturation  measured  via  pulse-oximetry). 
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accommodates  your  tiniest  patients,  including  micro-preemies.  With  the  840  Ventilator  and  NeoMode 
Option,  the  ventilator  company  you've  trusted  for  decades  brings  you  advanced  ventilation  for  one 
and  all.  Contact  your  Puritan  Bennett  representative  or  call  us  at  1-800-635-5267. 
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Vibratory  PiP  Therapy 

•  Improves  clearance  of  secretions. 

•  Easier  to  tolerate  than  CPT. 

•  Less  than  half  the  time  of  conventional  CPT  session*. 

•  Facilitates  opening  of  airways  in  patients  with  lung  diseases 
with  secretory  problems  (COPD,  asthma.  Cystic  Fibrosis). 

Tired  of  confining  patients  to  an  uncomfortable,  upright  position  for  vibratory  PEP?  With 
new  acapclla.  you  don't  have  to  take  that  sitting  down!  Its  unique  design  pemiits  use  while 
standing,  reclining  or  walking.  So  now  everyone  from  active  pediatrics,  to  bedridden  patients, 
can  benefit  from  secretion  clearance  therapx.  Color-coded  units  (green  for  high-tlow.  blue  for  low) 
help  you  customize  treatment  based  on  clinical  needs.  You  can  adjust  acapella's  frequency 
and  flow  resistance  simply  by  turning  an  adjustment  dial.  And  because  therapy  can  be  self- 
administered  in  any  setting,  you'll  provide  an  effective  continuum  of  care  outside  the  hospital. 
For  the  new  generation  of  vibratory  PEP  therapy,  call  DHD  Healthcare  toll-free  today: 
1-800-847-8000.  acapella.  i\'o  instrumental  accompaniment  required. 
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